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NOTES FOR CMOS DEVICES 

© PRECAUTION AGAINST ESD FOR SEMICONDUCTORS 

Note: Strong electric field, when exposed to a MOS device, can cause destruction 
of the gate oxide and ultimately degrade the device operation. Steps must 
be taken to stop generation of static electricity as much as possible, and 
quickly dissipate it once, when it has occurred. Environmental control must 
be adequate. When it is dry, humidifier should be used. It is recommended 
to avoid using insulators that easily build static electricity. Semiconductor 
devices must be stored and transported in an anti-static container, static 
shielding bag or conductive material. All test and measurement tools 
including work bench and floor should be grounded. The operator should 
be grounded using wrist strap. Semiconductor devices must not be touched 
with bare hands. Similar precautions need to be taken for PW boards with 
semiconductor devices on it. 

© HANDLING OF UNUSED INPUT PINS FOR CMOS 

Note: No connection for CMOS device inputs can be cause of malfunction. If no 
connection is provided to the input pins, it is possible that an internal input 
level may be generated due to noise, etc., hence causing malfunction. CMOS 
devices behave differently than Bipolar or NMOS devices. Input levels of 
CMOS devices must be fixed high or low by using a pull-up or pull-down 
circuitry. Each unused pin should be connected to Vdd or GND with a 
resistor, if it is considered to have a possibility of being an output pin. All 
handling related to the unused pins must be judged device by device and 
related specifications governing the devices. 

(D STATUS BEFORE INITIALIZATION OF MOS DEVICES 

Note: Power-on does not necessarily define initial status of MOS device. Production 
process of MOS does not define the initial operation status of the device. 
Immediately after the power source is turned ON, the devices with reset 
function have not yet been initialized. Hence, power-on does not guarantee 
out-pin levels, I/O settings or contents of registers. Device is not initialized 
until the reset signal is received. Reset operation must be executed imme- 
diately after power-on for devices having reset function. 
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Selection Guide 


1 



Part Number 

72-pin SIMM 


MC-42 2000 A 32 F - 60 


NEC CMOS 1 

DRAM MODULE 

Depth in K unit * 

1000: 1M 
2000: 2M 
4000: 4M 
8000: 8M 

Function(MAX. 2 digits) 

1st digit: Function 
A: Fast Page 
F: Hyper Page (EDO) 

2nd digit: Detail of Function 

Organization 

32 : x 32 
36 : x 36 

Package Description(MAX. 2 digits) 

1st digit: General Description 
F: Socket type (Gold plating) 

B: Socket type (Solder coating) 
2nd digit: Detail of Package 

Access Time 

60 : 60ns 
70 : 70ns 
80 : 80ns 
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168-pin 8 Byte DIMM 


Vcc 


- : 5.0 V 

L-A: 3.3 V 

MC-42 S 4000 L AB 72 F - A60 


NEC CMOS — 1 

DRAM MODULE 

Self Refresh 

Depth in K unit 

1000: 1M 
2000: 2M 
4000: 4M 

Function (2 digits) 

1st digit: General Function 
A: Fast Page 
F: Hyper Page (EDO) 

2nd digit: Detail of Function 
A: IK Refresh, Parity or Non parity 
B: 2K Refresh, ECC 
C: 4K Refresh, ECC 
D: IK Refresh, ECC 

Organization 

64: x 64 
72: x 72 

Package Description (MAX. 2 digits) 

1st digit: General Description 
F: Socket type (Gold plating) 

2nd digit: Detail of Package 
-: TSOP, linch (First product) 
Alphabetical order in the same 
configuration and function 

Access Time 

60 : 60ns 
70 : 70ns 
80 : 80ns 
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+1 +1 



200-pin 8 Byte SDRAM DIMM 


MC-45 4AA 72 F - A 10 L 


NEC CMOS 1 

SDRAM MODULE 

Depth in M unit 

1 : 1M 

2 :2M 
4 : 4M 
8 : 8M 
16: 16M 

Function (2 digits) 

1st digit: Interface & Buffering 
A: LVTTL, Unbuffered 
B: LVTTL, Buffered 
2nd digit: Bank & Write mode 
A: Single bank, Word Write 
B: Single bank, Byte Write 
C: Dual bank, Word Write 
D: Dual bank, Byte Write 

Organization 

64: x 64 
72: x 72 
80: x 80 

Package Description (MAX. 2 digits) 


Power 

- : Normal 
L : Low Power 

— CLK Cycle Time 

10 : 10ns 

12 : 12ns 

13 : 13ns 

Vcc 

A: 3.3 V ± 0.3 V 
B: RFU 


1st digit: General Description 
F: Socket type (Gold plating) 
2nd digit: Detail of Package 
-: First product 
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72-pin SIMM Fast Page Line-up (x 32) 


Organization 

Part Number 

Access Time 

Refresh 

Supply 

Package 

Monolithic Device 

Remark 

(ns) 

Cycle 

Voltage 

Mounted 

side 

Edge 

connector 

Height 

Org. 

Pkg. 

Amt. 


MC-421000A32B 

60, 70, 80, 



Single 

S/C 


1M x 4 

300 mil SOJ 

8 


1M x 32 

MC-421000A32F 

100 



side 

G/P 



MC-42 1 000A32B A 

60, 70, 80 



Single 

S/C 


iMx 16 

400 mil SOJ 

2 



MC-421000A32FA 

1 K/16 ms 


side 

G/P 




MC-422000A32B 

60, 70, 80 


Double 

S/C 


1M x 4 

300 mil SOJ 

16 


2M x 32 

MC-422000A32F 

100 


5.0 ± 

0.5 V 

side 

G/P 

1 inch 


MC-422000A32BA 

60, 70, 80 


Double 

S/C 

IMx 16 

400 mil SOJ 

4 



MC-422000A32FA 



side 

G/P 



4M x 32 

MC-424000A32B 

60, 70, 80 



Single 

S/C 


4M x 4 

300 mil SOJ 

8 


MC-424000A32F 

2 K/32 ms 


side 

G/P 



8M x 32 

MC-428000A32B 

60, 70, 80 


Double 

S/C 


4M x 4 

300 mil SOJ 

16 


MC-428000A32F 



side 

G/P 




S/C: Solder Coated, G/P: Gold Plated 




72-pin SIMM Fast Page Line-up (x 36) 


Organization 

Part Number 

Access Time 

Refresh 

Supply 

Package 

Monolithic Device 

Remark 

(ns) 

Cycle 

Voltage 

Mounted 

side 

Edge 

connector 

Height 

(inch) 

Org. 

Pkg. 

Amt. 

























1M x 36 

MC-42 1 000A36B J 

70, 80, 100 



Single 

S/C 

1.25 

1 M x 4 

300 mil SOJ 

8 


MC-42 1 000A36FJ 



side 

G/P 

1 M x 1 

300 mil SOJ 

4 



MC-42 1000A36BE 


IK/16 ms 


Double 

S/C 

1.0 

1 M x 4 

300 mil SOJ 

8 



MC-42 1000A36FE 



side 

G/P 

1 M x 1 

300 mil SOJ 

4 














2M x 36 


70, 80, 100 


5.0 ± 

0.5 V 








MC-422000A36BJ 


Double 

S/C 

1.25 

1 M x 4 

300 mil SOJ 

16 



MC-422000A36FJ 




side 

G/P 

1 M x 1 

300 mil SOJ 

8 



MC-424000A36BJ 




Single 

S/C 

1.25 

4M x4 

300 mil SOJ 

8 


4M x 36 

MC-424000A36FJ 

60, 70, 80 



side 

G/P 

4M x 1 

300 mil SOJ 

4 


MC-424000A36BE 

2K/32 ms 


Double 

S/C 

1.0 

4M x 4 

300mil SOJ 

8 



MC-424000A36FE 



side 

G/P 

4M x 1 

300mil SOJ 

4 


8M x 36 

MC-428000A36BJ 

60, 70, 80 



Double 

S/C 

1.25 

4M x 4 

300 mil SOJ 

16 


MC-428000A36FJ 



side 

G/P 

4M x 1 

300 mil SOJ 

8 



S/C: Solder Coated, G/P: Gold Plated 
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72-pin SIMM Hyper Page (EDO) Line-up 


Organization 

Part Number 

Access Time 

Refresh 

Supply 

Package 

Monolithic Device 

Remark 

(ns) 

Cycle 

Voltage 

Mounted 

side 

Edge 

connector 

Height 

Org. 

Pkg. 

Amt. 

1 M x 32 

MC-421 000F32BA 

60, 70 



Single 

S/C 


IMx 16 

400 mil SOJ 

2 


MC-421 000F32FA 

1 K/16 ms 


side 

G/P 



2M x 32 

MC-422000F32BA 

60, 70 


Double 

S/C 


IMx 16 

400 mil SOJ 

4 


MC-422000F32FA 


5.0* 

side 

G/P 

1 inch 


4M x 32 

MC-424000A32B 

60, 70 


0.5 V 

Single 

S/C 

4M x 4 

300 mil SOJ 

8 


M C-424000A32 F 

2 K/32 ms 


side 

G/P 



8M x 32 

MC-428000A32B 

60. 70 


Double 

S/C 


4M x 4 

300 mil SOJ 

16 


MC-428000A32F 



side 

G/P 




S/C: Solder Coated, G/P: Gold Plated 




72-pin Small Outline DIMM Line-up 


Organization 

Part Number 

Access Time 

(ns) 

Supply 

Voltage 

Refresh 

Cycle 

Bank 

org. 

Package 

Monolithic Device 

Remark 

Or g. 

Pkg. 

Amt. 

1 M x 32 

MC-42S1000LAD32SA 

60, 70, 80 

3.3 ± 0.3 V 

1 K/128 ms 

1 

72-pin SOD 
Gold plated 

IMx 16 

400 mil TSOP 

2 


2M x 32 

MC-42S2000LAB32SA 

60, 70, 80 

2 K/128 ms 

1 

2M x 8 

400 mil TSOP 

4 


MC-42S2000LAD32SA 

1 K/128 ms 

2 

IMx 16 

400 mil TSOP 

4 


4M x 32 

MC-42S4000LAB32SA 

60, 70, 80 

2 K/128 ms 

2 

2M x 8 

400 mil TSOP 

8 


MC-42S4000LAC32SA 

1 

4M x 4 

300 mil TSOP 

8 





o 


168-pin 8 Byte DIMM Fast Page Line-up 


Organization 

Part Number 

Access Time 

(ns) 

Refresh 

Cyc’e 


MC-421 000AA64FA 

60, 70, 80 



MC-421000AA64FB 

60, 70, 80 


2M x 64 

MC-422000AA64FB 

60, 70, 80 


1M x 72 
ECC 

MC-421 000AD72F 

60, 70, 80 


2M x 72 

MC-422000AB72F 

60. 70. 80 


ECC 

MC-422000LAB72F 

60, 70, 80 

9 k'/QO me 


MC-424000AB72F 

60, 70, 80 

c. in/oz ms 

4M x 72 
ECC 

MC-424000LAB72F 

60, 70. 80 



M C-424000 AC72 F 

60, 70, 80 

4 K/64 ms 


Supply 

Package 

Monolithic Device 

Remark 

Voltage 

Edge 

connector 

Height 

Org. 

Pkg. 

Amt. 




1 M x 4 

300 mil SOJ 

16 





IMx 16 

400 mil SOJ 

4 


5.0 ± 
0.25 V 



IMx 16 

400 mil SOJ 

8 




IMx 16 

400 mil TSOP 

4 





1M x 4 

300 mil TSOP 

2 



Gold plated 

1 inch 

2M x 8 

400 mil TSOP 

9 


3.3 ± 0.3 V 



2M x 8 

400 mil TSOP 

9 


5.0 ± 
0.25 V 



4M x4 

300 mil TSOP 

18 


3.3 ± 0.3 V 


i 

4M x 4 

300 mil TSOP 

18 



5.0 ± 
0.25 V 


4M x 4 


300 mil TSOP 


18 





168-pin 8 Byte DIMM Hyper Page (EDO) Line-up 


Organization 

Part Number 

Access Time 

(ns) 

Refresh 

Cycle 

1 M x 64 

MC-421 000FA64FB 

60, 70 

1 K/16 ms 

2M x 64 

MC-422000FA64FB 

60, 70 

2M x 72 

MC-422000FB72F 

60, 70 

2 K/32 ms 

MC-422000LFB72F 

4M x 72 

MC-424000FC72F 

60, 70 

4 K/64 ms 

MC-424000LFC72F 


Supplv 

Voltage 


5.0 

0.5 


3.3 

0.3 

5.0 ± 
0.5 V 


3.3 ± 
0.3 V 


+i > +i > 


Package 

Monolithic Device 


Mounted 

side 

Edge 

connector 

Height 

Org. 

Pkg. 

Amt. 

Remark 

Single 

side 



IMx 16 

400 mil SOJ 

2 


Double 

side 



1Mx16 

400 mil SOJ 

4 


Double 

side 

Gold plated 

1 inch 

2M x 8 

400 mil TSOP 

9 


Double 

side 



4M x 4 

300 mil TSOP 

18 





200-pin SDRAM DIMM Line-up 



Organization 

Part Number 

Unbuffered 

2M x 72 

MC-452AA72F 




2M x 72 

MC-452BA72F 






MC-454BA72F 


Buffered 


4M x 72 


MC-454BC72F 






4 Byte SIMM 
[Fast Page] 




DATA SHEET 



MOS INTEGRATED CIRCUIT 

MC-421000A32BA, 421000A32FA 


1 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 


Description 

The MC-421 000A32BA, 421000A32FA are 1,048,576 words by 32 bits dynamic RAM module on which 2 pieces 
of 16 M DRAM: /zPD4218160 are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the surface- 
mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 1 ,048,576 words by 32 bits organization 

• Fast access and cycle time 


Family 

Access time 
(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

MC-421 000A32-60 

60 ns 

1 10 ns 

1 ,760 mW 

11 mW 

(CMOS level input) 

MC-421 000A32-70 

70 ns 

130 ns 

1 ,650 mW 

MC-421 000A32-80 

80 ns 

150 ns 

1,540 mW 


• 1 ,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 72-pin single in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.5 V power supply 

• Access time can be distinguished with characteristics of PD-pins (PD0 to PD3) 


The information in this document is subject to change without notice. 


M10502EJ2V0DS00 (Japan) 
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NEC 


MC-421 000A32BA, 421000A32FA 


Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-421 OOOA32BA-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Solder coating (HAL) 

2 pieces of /iPD4218160LE 
(400 mil SOJ) 

[Single side] 

MC-421 000A32BA-70 

70 ns 

MC-421 000A32BA-80 

80 ns 

MC-421 000A32FA-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

MC-421 OOOA32FA-70 

70 ns 

MC-421 000A32FA-80 

80 ns 


16 





NEC 


MC-421000A32BA, 421000A32FA 


Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating, Gold plating) 


GND 
1/00 
1/016 
1/01 
1/017 
1/02 
1/018 
1/03 
1/019 
Vcc 
NC 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
NC 
1/04 
1/020 
1/05 
1/021 
1/06 
1/022 
1/07 
1/023 
A 7 
NC 
Vcc 
A8 
A9 
NC 
RAS2 
NC 


NC 

NC 

GND 

CASO 

CAS2 

GA£3 

CAS1 

RASO 

NC 

NC 

WE 

NC 

1/08 

1/024 

1/09 

1/025 

1/010 

1/026 

1/011 

1/027 

1/012 

1/028 

Vcc 

1/029 

1/013 

1/030 

1/014 

1/031 

1/015 

NC 

PDO 

PD1 

PD2 

PD3 

NC 

GND 



AO - A9 : Address Inputs 

1/00 - 1/031 : Data Inputs/Outputs 

CASO - CAS3 : Column Address Strobe 
RASO, RAS2 : Row Address Strobe 
WE : Write Enable 

Vcc : Power Supply 

GND : Ground 

NC : No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access time. 









NEC 


MC-421 000A32BA, 421000A32FA 


Electrical Specifications Notes ^ 2 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


2 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.5 

5.0 

5.5 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1 .0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0- A9 



30 



Cl2 

WE 



34 

PF 


Cl3 

RAS0, RAS2 



22 


Cl4 

CAS0 - CAS3 



22 


Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



20 

PF 







NEC 


MC-421 000A32BA, 421000A32FA 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


320 

mA 

3, 4, 7 

tRAC = 70 ns 


300 

tRAc = 80 ns 


280 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


4 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


2 

RAS only refresh current 

ICC3 

RAS Cycling 

CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


320 

mA 

3, 4, 5, 7 

tRAc = 70 ns 


300 

tRAc = 80 ns 


280 

Operating current 
(Fast page mode) 

ICC4 

RAS < Vil (max.), CAS Cycling 

tPC = tPC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


180 

mA 

3, 4, 6 

tRAc = 70 ns 


160 

tRAc = 80 ns 


140 

CAS before RAS 

refresh current 

lcC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


320 

mA 

3, 4 

tRAc = 70 ns 


300 

tRAc = 80 ns 


280 

Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 

All other pins not under test = 0 V 

-10 

+10 



Output leakage current 

l0 (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 



High level output voltage 

V OH 

lo ^ -2.5 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.1 mA 


0.4 

V 



20 





NEC 


MC-421 000A32BA, 421000A32FA 


AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 * 9 


Parameter 

Symbol 

tRAC 

= 60 ns 

tRAC 

= 70 ns 

tRAC 

= 80 ns 


Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

unit 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


20 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAU 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

13 

0 

15 

0 

15 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ru; 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

20 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tcSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tcp 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 


40 


45 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

twCH 

10 


10 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tcSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Hold Time 

twHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


16 


16 


16 

ms 
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MC-421 000A32BA, 421000A32FA 


Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 1 00 /us and then, execute eight CAS before RAS or RAS only refresh 
cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRc and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc 3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each fast page 
cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vmmax.) 
and CAS > Vih (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 


(1) Input timing specification 


Vim (min > - 2.4 V 
Vll (MAX.) = 0.8 V 



ti = 5 ns 


tr = 5 ns 


(2) Output timing specification 


VOH (MIN.) = 2.4 V 
VoL (MAX.) = 0.4 V 


10 . For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tl( At) (MAX ) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRco (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) and tRCD > tRCD 
(max.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. toFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not referenced 
to Voh or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH (min.) should be met in read cycles. 

15. In early write cycles, twcH (min.) should be met. 

16. tDs (min.) and tDH (min.) are referenced to the CAS falling edge in early write cycles. 

1 7. If twes > twes (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 
cycle. 
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Timing Chart 

Please refer to Timing Chart 1, page 365. 
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DATA SHEET 


MOS INTEGRATED CIRCUIT 


MC-421000A32, 421000A36 SERIES 


1 M-WORD BY 32-BIT, 1 M-WORD BY 36-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE 


Description 

The MC-421000A32 series is a 1,048,576 words by 32 bits dynamic RAM modulo on which 8 pieces of 
4 M DRAM: ^PD424400 are assembled. 

The MC-421000A36 series is a 1,048,576 words by 36 bits dynamic RAM modulo on which 8 pieces of 
4 M DRAM: ^PD424400 and 4 pieces of 1 M DRAM: ^PD421000 are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 1,048,576 words by 32 bits organization (MC-421000A32 series) 

• 1,048,576 words by 36 bits organization (MC-421000A36 series) 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

MC-421000A32-60 

60 ns 

120 ns 

5,280 mW 


MC-421000A32-70 

70 ns 

140 ns 

4,400 mW 

44 mW 

MC-421000A32-80 

80 ns 

160 ns 

3,960 mW 

(CMOS level input) 

MC-421000A32-10 

100 ns 

190 ns 

3,520 mW 







MC-421000A36-70 

70 ns 

140 ns 

6,160 mW 

66 mW 

MC-421000A36-80 

80 ns 

160 ns 

5,500 mW 

(CMOS level input) 

MC-421000A36-10 

100 ns 

190 ns 

4,840 mW 



• 1,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 72-pin single in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.5 V power supply 

• Access time can be distinguished with characteristics of PD-pins (PD0 to PD3) 

The information in this document is subject to change without notice. 


M 1 0424EJ3 V0DS00 (Japan) 
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MC-421000A32, 421000A36 SERIES 


Ordering Information 


[MC-421000A32 series] 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-421000A32B-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Solder coating (HAL) 

8 pieces of /*PD424400LA 

(300 mil SOJ) 

[Single side] 

MC-421000A32B-70 

70 ns 

MC-421000A32B-80 

80 ns 

MC-421000A32B-10 

100 ns 

MC-421000A32F-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

MC-421000A32F-70 

70 ns 

MC-421 000A32F-80 

80 ns 

MC-42 1 000A32F-1 0 

100 ns 


[MC-421000A36 series] 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 



72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Solder coating (HAL) 

8 pieces of //PD424400LA 

(300 mil SOJ) 

4 pieces of //PD421000LA 

(300 mil SOJ) 

[Double side] 

MC-42 1000A36BE-70 

70 ns 

MC-421 000A36BE-80 

80 ns 

MC-421 000A36BE-10 

100 ns 



72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

MC-421000A36FE-70 

70 ns 

MC-421 000A36FE-80 

80 ns 

MC-421000A36FE-10 

100 ns 



72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Solder coating (HAL) 

8 pieces of /*PD424400LA 

(300 mil SOJ) 

4 pieces of /*PD421000LA 

(300 mil SOJ) 

[Single side] 

MC-421000A36BJ-70 

70 ns 

MC-42 1000A36BJ-80 

80 ns 

MC-421 000A36BJ-1 0 

100 ns 



72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

MC-42 1000A36FJ-70 

70 ns 

MC-421 000A36FJ-80 

80 ns 

MC-421000A36FJ-10 

100 ns 
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MC-421000A32, 421000A36 SERIES 


Pin Configuration 


[MC-421000A32 series] 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 


GND o 

1 

1/00 CM— 

2 

1/016 CM— 

3 

I/OI CM— 

4 

1/017 CM— 

5 

1/02 CM — ► 

6 

1/018 CM— 

7 

1/03 O ** — *• 

8 

1/019 CM — *• 

9 

Vcc 0 

10 

NC 0 

11 

AO O — - 

12 

A1 O — 

13 

A2 O — - 

14 

A3 O — - 

15 

A4 0 — > 

16 

A5 O — * 

17 

A6 O — * 

18 

NC O 

19 

1/04 CM— 

20 

1/020 CM— 

21 

1/05 CM— 

22 

1/021 CM— 

23 

1/06 CM— 

24 

1/022 CM— 

25 

1/07 CM— 

26 

1/023 CM— 

27 

A7 O — > 

28 

NC O 

29 

Vcc 0 

30 

A8 O — * 

31 

A9 0 — - 

32 

NC 0 

33 

RAS2 0 — > 

34 

NC 0 

35 

NC 0 

36 


P 

NC 0 

37 

NC 0 

38 

GND 0 

39 

CASO 0 — * 

40 

CAS2 0 — * 

41 

CAS3 0 — » 

42 

CAS1 0 — 

43 

RASO 0 — > 

44 

NC 0 

45 

NC O 

46 

WE O — > 

47 

NC 0 

48 

1/08 CM— 

49 

1/024 O-*— 

50 

1/09 CM— 

51 

1/025 O— 

52 

1/010 CM— 

53 

1/026 CM— 

54 

1/011 CM— 

55 

1/027 CM— 

56 

1/012 CM— 

57 

1/028 CM — +• 

58 

Vcc O 

59 

1/029 CM— 

60 

1/013 CM— 

61 

1/030 CM— 

62 

1/014 CM— 

63 

1/031 CM— 

64 

1/015 CM— 

65 

NC O 

66 

PDO O 

67 

PD1 O 

68 

PD2 O 

69 

PD3 O 

70 

NC O 

71 

GND O 

72 


O 


2 2 
o o 


> > 

CO CO 
PO NJ 

n oo 


O 


AO - A9 

1/00 - 1/031 

CASO - CAS3 

RASO, RAS2 

WE 

Vcc 

GND 

NC 


: Address Inputs 
: Data Inputs/Outputs 
: Column Address Strobe 
: Row Address Strobe 
: Write Enable 
: Power Supply 
: Ground 
: No connection 


The internal connection of PD pins (PD0 to PD3) 
depends on access time. 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

100 ns 

PDO 

67 

GND 

GND 

GND 

GND 

PD1 

68 

GND 

GND 

GND 

GND 

PD2 

69 

NC 

GND 

NC 

GND 

PD3 

70 

NC 

NC 

GND 

GND 
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[MC-421000A36 series] 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 


GND O— 
1/00 o— 


1/04 Ch-H 
1/022 Ch- * 
l/Ob O- — 
1/023 O— ► 
1/00 CH 
1/024 Ch 
1/07 CH 
1/025 0* 

A7 0- 
NC O- 
Vcc O- 
A8 O- 
A9 O- 
NC O- 
RAS2 O- 
1/026 CH 
1/08 CH 


1/017 

1/035 

GND 

CASO 

CAS2 

CAS3 

CAS1 

RASO 

NC 

NC 

WE 

NC 

1/09 

1/027 

1/010 

1/028 

1/011 

1/029 

1/012 

1/030 

1/013 

1/031 

Vcc 

1/032 

1/014 

1/033 

1/015 

1/034 

1/016 

NC 

PDO 

PD1 

PD2 

PD3 

NC 

GND 




O 


2 2 2 2 
o o o o 


o p o o 
o o o o 
o o o o 
> > > > 
00 00 w w 
O CD CD P 
Tl CO 

m m 




O 


AO - A9 

1/00 - 1/035 

CASO - CAS3 

RASO, RAS2 

WE 

Vcc 

GND 

NC 


Address Inputs 
Data Inputs/Outputs 
Column Address Strobe 
Row Address Strobe 
Write Enable 
Power Supply 
Ground 
No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access time. 


Pin 

Pin 

Access Time 

Name 

No. 


70 ns 

80 ns 

100 ns 

PDO 

67 

GND 

GND 

GND 

GND 

PD1 

68 

GND 

GND 

GND 

GND 

PD2 

69 

NC 

GND 

NC 

GND 

PD3 

70 

NC 

NC 

GND 

GND 
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MC-421000A32, 421000A36 SERIES 


Electrical Specifications Notes 1 » 2 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 

MC-421000A32 

8 

W 

MC-421000A36 

12 

Operating ambient temperature 

Ta 


0 to +70 

°c 

Storage temperature 

Tnto 


-55 to +125 

°c 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.5 

5.0 

5.5 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 
[MC-421000A32 series] 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - A9 



68 

PF 

C 1 2 

WE 



76 

Co 

RAS0, RAS2 



43 

Cl4 

CAS0 - CAS3 



29 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



17 

PF 


[MC-421000A36 series] 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - A9 



88 

PF 

Cl2 

WE 



104 

Cl3 

RASO, RAS2 



57 

Cl4 

CASO - CAS3 



36 

Data Input/Output capacitance 

Ci/oi 

1/00 - 1/07, 1/09 - 1/016, 

1/018 - 1/025, 1/027 - 1/034 



17 

PF 

Cl/02 

1/08, 1/017, 1/026, 1/035 
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MC-421000A32, 421000A36 SERIES 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


[MC-421000A32 series] 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


960 

mA 

3, 4, 7 

tRAC = 70 ns 


800 

3D 

> 

o 

II 

00 

o 

3 

cn 


720 

tRAc = 100 ns 


640 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


16 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


8 

RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


960 

mA 

3, 4, 5, 7 

CAS > Vih imin.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


800 

tRAc = 80 ns 


720 

tRAc = 100 ns 


640 

Operating current 
(Fast page mode) 

ICC4 

RAS < Vil (max.), CAS Cycling 

tre = trciMiN.) 

lo = 0 mA 

tRAc = 60 ns 


720 

mA 

3, 4, 6 

tRAc = 70 ns 


640 

tiiAc = 80 ns 


560 

time = 100 ns 


480 

CAS before RAS 

refresh current 

Ices 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


960 

mA 

3, 4 

tnAc = 70 ns 


800 

tRAc = 80 ns 


720 

tRAc = 100 ns 


640 

Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 

All other pins not under test = 0 V 

-10 

+ 10 

M 


Output leakage current 

lo (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+ 10 

M 


High level output voltage 

VOH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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[MC-421000A36 series 


Parameter 


Operating current 


CAS before RAS 
refresh current 


Symbol 


Icci 


Standby current Icc 2 

RAS only refresh current Icc3 


Operating current 
(Fast page mode) 


Test condition 


RAS, CAS Cycling 


MAX. Unit 


tRC = tRC (MIN.) 

_ n m A 

tRAc = 70 ns 

io = u m/A 

i 

tRAC = 80 ns 


tRAc = 100 ns 

RAS, CAS > Vih (min.) 

Io = 0 mA 

RAS, CAS > Vcc - 0.2 V 

Io = 0 mA 

RAS Cycling 


CAS > Vih (min.) 

tRC = tRC (MIN.) 

tRAc = 70 ns 

Io = 0 mA 

tRAc = 80 ns 

i 

tRAc = 100 ns 

RAS < Vil (max.), CAS Cycling 


tPC = tPC (MIN.) 

tRAc = 70 ns 

Io = 0 mA 

tRAc = 80 ns 


tRAC = 100 ns 

RAS Cycling 


tRC = tRC (MIN.) 

tRAc = 70 ns 

Io = 0 mA 

■ n 

o 

00 

II 

< 


tRAc =100 ns 


Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 

All other pins not under test = 0 V 

-10 

+10 


Output leakage current 

l0 (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+ 10 

jjA 

High level output voltage 

VoH 

Io = -5.0 mA 

2.4 


V 

Low level output voltage 

VOL 

Io = +4.2 mA 


0.4 

V 
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MC-421000A32, 421000A36 SERIES 


AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 ' 9 


[MC-421000A32 series] 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

tRAC = 100 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

120 


140 


160 


190 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


60 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 . 


100 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


20 


20 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 


50 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 


55 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

17 

50 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

o 

15 

0 

20 

0 

25 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

3 

50 

ns 


RAS Prechorge Time 

tRP 

50 


60 


'70 


80 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

100 

125,000 

ns 


RAS Hold Time 

tnsM 

20 


20 


20 


25 


ns 


CAS Pulse Width 

tCAf, 

15 

10,000 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


100 


ns 


RAS to CAS Delay Time 

tRCD 

20 

40 

20 

50 

25 

60 

25 

75 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

10 


10 


10 


10 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

10 


10 


10 


10 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 


40 


45 


55 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


20 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


50 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

10 


10 


10 


10 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

15 


15 


15 


20 


ns 

15 

Data-in Setup Time 

tos 

0 


0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

15 


15 


15 


20 


ns 

16 

Write Command Setup Time 

twes 

0 


0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

10 


10 


10 


10 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

15 


15 

- 1 


15 


20 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 

i 

15 


20 


ns 


Refresh Time 

tREF 


16 


16 


16 


16 

ms 
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[MC-421000A36 series] 


Parameter 

Symbol 

tRAC = 

70 ns 

tRAC = 

80 ns 

tRAC = 

100 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

140 


160 


190 


ns 


Fast Page Mode Cycle Time 

tPC 

45 


50 


60 


ns 


Access Time from RAS 

tRAC 


70 


80 


100 

ns 

10, 11 

Access Time from CAS 

tCAC 


20 


20 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


35 


40 


50 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


40 


45 


55 

ns 

11 

RAS to Column Address Delay Time 

tRAO 

15 

35 

17 

40 

17 

50 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

20 

0 

25 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

60 


70 


80 


ns 


RAS Pulse Width 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

70 

12b, 000 

80 

125,000 

100 

125,000 

ns 


RAS Hold Time 

tRSH 

20 


20 


25 


ns 


CAS Pulse Width 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


CAS Hold Time 

tCSH 

70 


80 


100 


ns 


RAS to CAS Delay Time 

tRCD 

20 

50 

25 

60 

25 

75 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

10 


10 


10 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

10 


10 


10 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 


55 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


12 


12 


ns 


Column Address Sotup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Timo 

tCAH 

17 


20 


20 


ns 


Column Address Lead Timo Roforoncod to RAS 

tRAl 

35 


40 


50 


ns 


Read Command Setup Time 

tncs 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

10 


10 


10 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

'14 

WE Hold Time Referenced to CAS 

tWCH 

15 


15 


20 


ns 

15 

Data-in Setup Time 

tos 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

15 


20 


20 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

10 


10 


10 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

15 


15 


20 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


20 


ns 


Refresh Time 

tREF 


16 


16 


16 

ms 
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MC-421000A32, 421000A36 SERIES 


Notes 


1. All voltages are referenced to GND. 

2. After power up, wait more than 100 /us and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc 3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc 4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc 3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vifkmin.). 

8. AC measurements assume tr = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


VlH (MIN.) = 2.4 V 
Vil (max) = 0.8 V 

ti = 5 nr» tT = 5 ns 



(2) Output timing specification 


VOU (MIN ) 


2.4 



VoL (MAX) = 0.4 V 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRco (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. toFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not 
referenced to Voh or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH <min.) or tRRH <min.) should be met in read cycles. 

15. In early write cycles, twcH(MiN.) should be met. 

16. tDs (min.) and tDH (min.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 
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Timing Chart 

Please refer to Timing Chart 2, page 375. 
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MC-421000A32, 421000A36 SERIES 










DATA SHEET 

MOS INTEGRATED CIRCUIT 

MC-422000A32BA, 422000A32FA 


2 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 


Description 

The MC-422000A32BA, 422000A32FA are 2,097,152 words by 32 bits dynamic RAM module on which 4 pieces 
of 16 M DRAM: juPD4218160 are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the surface- 
mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 2,097,152 words by 32 bits organization 

• Fast access and cycle time 


Family 

Access time 

R/W cycle time 

Power consumption 
(MAX.) 


(MAX.) 

(MIN.) 

Active 

Standby 

MC-422000A32-60 

60 ns 

1 10 ns 

1 ,782 mW 

22 mW 

(CMOS level input) 

MC-422000A32-70 

70 ns 

130 ns 

1,672 mW 

MC-422000A32-80 

80 ns 

150 ns 

1 ,562 mW 


• 1 ,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 72-pin single in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.5 V power supply 

• Access time can be distinguished with characteristics of PD-pins (PD0 to PD3) 


The information in this document is subject to change without notice. 


Ml 0501 EJ2V0DS00 (Japan) 
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MC-422000A32BA, 422000A32FA 


Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-422000A32BA-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Solder coating (HAL) 

4 pieces of /iPD4218160LE 
(400 mil SOJ) 

[Double side] 

MC-422000A32BA-70 

70 ns 

MC-422000A32BA-80 

80 ns 

MC-422000A32FA-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

MC-422000A32FA-70 

70 ns 

MC-422000A32FA-80 

80 ns 
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MC-422000A32BA, 422000A32FA 


Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating, Gold plating) 


GND 

1/00 

1/016 

1/01 

1/017 

1/02 

1/018 

1/03 

1/019 

Vcc 

NC 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

NC 

1/04 

1/020 

1/05 

1/021 

1/06 

1/022 

1/07 

1/023 

A7 

NC 

Vcc 

A8 

A9 

RAS3 

RAS2 

NC 

NC 


NC 

NC 

mo 

CASO 

CAS2 


RA3.fi 

RAS1 

NC 

WE 

NC 

1/08 

1/024 

1/09 

1/025 

1/010 

1/026 

1/011 

1/027 

1/012 

1/028 

Vcc 

1/029 

1/013 

1/030 

1/014 

1/031 

1/015 

NC 

PDO 

PD1 

PD2 

PD3 

NC 

GND 



Address Inputs 
Data Inputs/Outputs 
Column Address Strobe 
Row Address Strobe 
Write Enable 
Power Supply 
Ground 
No connection 

The internal connection of PD pins (PDO to PD3) 
depends on access time. 
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MC-422000A32BA, 422000A32FA 


Electrical Specifications Notes 2 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


4 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.5 

5.0 

5.5 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1 .0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

C.i 

A0- A9 



40 



Cl2 

WE 



48 

PF 


Cl3 

RAS0 - RAS3 



22 


Cl4 

CAS0 - CAS3 



29 


Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



26 

PF 
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MC-422000A32BA, 422000A32FA 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

T est condition 



MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


324 

mA 

3, 4, 7 

tRAc = 70 ns 


304 

tRAc = 80 ns 


284 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


8 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


4 

RAS only refresh current 

ICC3 

RAS Cycling 

CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


324 

mA 

3, 4, 5, 7 

tRAc = 70 ns 


304 

tRAc = 80 ns 


284 

Operating current 
(Fast page mode) 

ICC4 

RAS < Vil imax.), CAS Cycling 

tPC = tl*C (MIN ) 

lo = 0 mA 

tRAc = 60 ns 


184 

mA 

3, 4, 6 

tRAc = 70 ns 


164 

tRAc = 80 ns 


144 

CAS before HAS 

refresh current 

Ices 

RAS Cycling 

tnc = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


324 

mA 

3, 4 

tRAc = 70 ns 


304 

tnAc = 80 ns 


284 

Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 

All other pins not under tost ~ 0 V 

-10 

+ 10 

M 


Output leakage current 

lO(l) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 



High level output voltage 

V OH 

lo :: -2.5 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.1 mA 


0.4 

V 
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MC-422000A32BA, 422000A32FA 


AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 » 9 


Parameter 

Symbol 

tRAC 

= 60 ns 

tRAC 

= 70 ns 

tRAC 

= 80 ns 


Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

unit 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


20 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

13 

0 

15 

0 

15 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

20 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tcSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 


40 


45 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

twCH 

10 


10 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tcSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Hold Time 

twHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


16 


16 


16 

ms 
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MC-422000A32BA, 422000A32FA 


Notes 


1. All voltages are referenced to GND. 

2. After power up, wait more than 1 00 ills and then, execute eight CAS before RAS or RAS only refresh 
cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc 3 , Icc4 and Ices depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc 3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc 4 is measured assuming that all column address inputs are switched only once during each fast page 
cycle. 

7. Icci and Icc 3 are measured assuming that address can be changed once or less during RAS < Vimmax.) 
and CAS > Vih (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


Vih (min.) = 2.4 V — 
VlL (MAX.) = 0.8 V 

(2) Output timing specification 



ti = 5 ns tT = 5 ns 


VoH (MIN.) " 2.4 V 
VoL (MAX | = 0.4 V 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRco (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) and tRCD > tRCD 
(max.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. toFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not referenced 
to Voh or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH (min.) should be met in read cycles. 

15. In early write cycles, twcH (min.) should be met. 

16. tDs (min.) and tDH (min.) are referenced to the CAS falling edge in early write cycles. 

1 7. If twes > twes (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 
cycle. 
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Timing Chart 

Please refer to Timing Chart 1, page 365. 
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DATA SHEET 



' MOS INTEGRATED CIRCUIT 

MC-422000A32, 422000A36 SERIES 


2 M-WORD BY 32-BIT, 2 M-WORD BY 36-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE 


Description 

The MC-422000A32 series is a 2 097 152 words by 32 bits dynamic RAM module on which 16 pieces of 
4 M DRAM (/iPD424400) are assembled. 

The MC-422000A36 series is a 2 097 152 words by 36 bits dynamic RAM module on which 16 pieces of 
4 M DRAM (jiPD424400) and 8 pieces of 1 M DRAM {^iPD421000) are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 2 097 152 words by 32 bits organization (MC-422000A32 series) 

• 2 097 152 words by 36 bits organization (MC-422000A36 series) 

• Fast access and cycle time 


Family 

Access time 
(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
.(MAX.) 

Active 

Standby 

MC-422000A32-60 

60 ns 

120 ns 

5 355 mW 

84 mW 

MC-422000A32-70 

70 ns 

140 ns 

4 515 mW 

MC-422000A32-80 

80 ns 

160 ns 

4 095 mW 

MC-422000A32-1 0 

100 ns 

190 ns 

3 675 mW 





126 mW 

MC-422000A36-70 

70 ns 

140 ns 

6 195 mW 

MC-422000A36-80 

80 ns 

160 ns 

5 565 mW 

MC-422000A36-10 

100 ns 

190 ns 

4 935 mW 


• 1 024 refresh cycles/16 ms 

• Three refresh modes are available: CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 72-pin single in-line memory module (Pin pitch = 1.27 mm) 

• All inputs and outputs are TTL compatible 

• Single +5.0 V ± 5 % power supply 

• Access time can be distinguished with characteristics of PD-pins(PD0 to PD3) 


The information in this document is subject to change without notice. 


Q05A (Japan) 
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MC-422000A32, 422000A36 SERIES 


Ordering Information 


Part number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC-422000A32B-60 

60 ns 

72-pin Single In-line Memory Module 

(Socket Type) 

Edge connector : Solder coating (HAL) 

16 pieces of //PD424400LA 

(300 mil SOJ) 

[Double side] 

MC-422000A32B-70 

70 ns 

MC-422000A32B-80 

80 ns 

MC-422000A32B-10 

100 ns 

MC-422000A32F-60 

60 ns 

72-pin Single In-line Memory Module 

(Socket Type) 

Edge connector : Gold plating 

MC-422000A32F-70 

70 ns 

MC-422000A32F-80 

80 ns 

MC-422000A32F-10 

100 ns 



72-pin Single In-line Memory Module 

(Socket Type) 

Edge connector : Solder coating (HAL) 

16 pieces of //PD424400LA 

(300 mil SOJ) 

8 pieces of //PD421000LA 

(300 mil SOJ) 

[Double side] 

MC-422000A36BJ-70 

70 ns 

MC-422000A36BJ-80 

80 ns 

MC-422000A36BJ-1 0 

100 ns 



72-pin Single In-line Memory Module 

(Socket Type) 

Edge connector : Gold plating 

M C-422000 A36 FJ -7 0 

70 ns 

MC-422000A36FJ-80 

80 ns 

MC-422000A36FJ- 1 0 

100 ns 


Quality Grade 

Standard 

Please refer to "Quality grade on NEC Semiconductor Devices" (Document number I El-1209) published by 
NEC Corporation to know the specification of quality grade on the devices and its recommended applications. 
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MC-422000A32, 422000A36 SERIES 


Pin Configurations (Front view) 


[MC-422000A32 series] 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 


GND 0 

1 

1/00 cm — *> 

2 

1/016 CM — * 

3 

1/01 cm — ► 

4 

1/017 CM — *■ 

5 

1/02 CM — ** 

6 

1/018 CM— 

7 

1/03 CM — *> 

8 

1/019 CM— 

9 

Vcc 0 

10 

NC 0 

11 

AO 0 * 

12 

A1 0 *■ 

13 

A2 0 

14 

A3 0 * 

15 

A4 0 ► 

16 

A5 0 - 

17 

A6 0 - 

18 

NC 0 

19 

1/04 CM— 

20 

1/020 CM— *> 

21 

1/05 CM *■ 

22 

1/021 CM— 

23 

1/06 CM— * 

24 

1/022 CM— 

25 

1/07 CM — ► 

26 

1/023 CM— 

27 

A7 0 ► 

28 

NC 0 

29 

Vcc 0 

30 

A8 0 

31 

A9 0 ► 

32 

RAS3 0 * 

33 

RAS2 0 - 

34 

NC 0 

35 

NC 0 

36 


ID 

NC 0 

37 

NC 0 

38 

GND 0 

39 

CASO 0 

40 

CAS2 0 » 

41 

CAS3 0 * 

42 

CAS1 O * 

43 

RASO 0 - 

44 

RAS1 0 - 

45 

NC 0 

46 

WE 0 - 

47 

NC 0 

48 

1/08 CM — *> 

49 

1/024 CM— * 

50 

1/09 0 * — ► 

51 

1/025 O— * 

52 

1/010 CM — ► 

53 

1/026 CM— 

54 

1/011 CM— 

55 

1/027 CM— 

56 

1/012 CM— 

57 

1/028 CM— 

58 

Vcc 0 

59 

1/029 CM— 

60 

1/013 CM— 

61 

1/030 CM— 

62 

1/014 CM— 

63 

1/031 CM— 

64 

1/015 CM— 

65 

NC 0 

66 

PDO 0 

67 

PD1 0 

68 

PD2 0 

69 

PD3 0 

70 

NC 0 

71 

GND 0 

72 


O 


2 

O 

A 

ro 

ro 

o 

o 

o 

> 

CO 

ro 


2 

0 

1 

a 

ro 

ro 

o 

o 

o 

> 

CO 

ro 

03 


o 


A0-A9 

1/00-1/031 

CAS0-CAS3 

RAS0-RAS3 

WE 

Vcc 

GND 

NC 


: Address Inputs 
: Data Inputs/Outputs 
: Column Address Strobe 
: Row Address Strobe 
: Write Enable 
: Power Supply 
: Ground 
: No connection 


The internal connection <?f PD pins (PDO to PD3) 
depends on access time. 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

100 ns 

PDO 

67 

NC 

NC 

NC 

NC 

PD1 

68 

NC 

NC 

NC 

NC 

PD2 

69 

NC 

GND 

NC 

GND 

PD3 

70 

NC 

NC 

GND 

GND 
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MC-422000A32, 422000A36 SERIES 


[MC-422000A36 series] 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 


GND 
1/00 
1/018 
1/01 
1/019 
1/02 
1/020 
1/03 
1/021 
Vcc 
NC 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
NC 
1/04 
1/022 
1/05 
1/023 
l/OG 
1/024 
1/07 
1/025 
A 7 
NC 
Vcc 
A8 

A9 

RAS3 

RAS2 

1/026 

1/08 


1/017 

1/035 

GND 

CSSO 

CSS2 

casr 

NC 

WE 

NC 

1/09 

1/027 

1/010 

1/028 

1/011 

1/029 

1/012 

1/030 

1/013 

1/031 

Vcc 

1/032 

1/014 

1/033 

1/015 

1/034 

1/016 

NC 

PDO 

PD1 

PD2 

PD3 

NC 

GND 



D 





37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 


o 


9 9 

■U 4* 

ro to 

N> N) 

ss 

> § 

CO CO 

01 o 
Tl CD 


o 


A0-A9 

1/00-1/035 

CAS0-CAS3 

RAS0-RAS3 

WE 

Vcc 

GND 

NC 


: Address Inputs 
: Data Inputs/Outputs 
: Column Address Strobe 
: Row Address Strobe 
: Write Enable 
: Power Supply 
: Ground 
: No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access time. 


Pin 

Pin 

Access Time 

Name 

No. 


70 ns 

80 ns 

100 ns 

PDO 

67 

NC 

NC 

NC 

NC 

PD1 

68 

NC 

NC 

NC 

NC 

PD2 

69 

NC 

GND 

NC 

GND 

PD3 

70 

NC 

NC 

GND 

GND 


56 






5 ‘ 
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MC-422000A32, 422000A36 SERIES 


Electrical Specifications Notes 1,2 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 

MC-422000A32 

16 

W 

MC-422000A36 

24 

Operating temperature 

Topt 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°c 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to bo operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect dovico reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.75 

5.0 

5.25 

V 

High level input voltage 

VlH 


2.4 


Vcc +1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = +25 °C , f = 1 MHz) 
[MC-422000A32 series] 


Parameter 

Symbol 

Test condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

C 1 1 

A0- A9 



121 

PF 

C 12 

WE 



137 

Ci 3 

RAS0 - RAS3 



48 

Cm 

CAS0 - CAS3 



48 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



29 

PF 


[MC-422000A36 series] 


Parameter 

Symbol 

Test condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

C 1 1 

A0-A9 



161 

PF 

C 12 

WE 



193 

Ci 3 

RAS0 - RAS3 



62 

Cl 4 

CAS0 - CAS3 



62 

Data Input/Output capacitance 

C 1/01 

1/00 - 1/07, 1/09 - 1/016, 

1/018 - 1/025, 1/027 - 1/034 



29 

PF 

Cl/02 

1/08, 1/017, 1/026, 1/035 



39 


59 
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MC-422000A32, 422000A36 SERIES 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 
[MC-422000A32 series] 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

t R C = tRC(MIN.) 

1 o = 0 mA 

tRAC = 60 ns 


1 020 

mA 

3,4,7 

tRAC = 70 ns 


860 

tRAC = 80 ns 


780 

tRAC = 100 ns 


700 

Standby current 

1 CC2 

RAS, CAS ^ Vih (mini.) lo = 0 mA 


32 

mA 


RAS, CAS ^ Vcc-0.2 V lo = 0 mA 


16 

RAS only refresh current 

1 CC3 

RAS Cycling 

CAS ^ Vih (min.) 

tRC = tRC(MIN.) 

lo = 0 mA 

tRAC = 60 ns 


1 020 

mA 

3,4,5, 7 

tRAC = 70 ns 


860 

tRAC = 80 ns 


780 

tRAC = 100 ns 


700 

Operating current 

(Fast page mode) 

1 CC 4 

RAS ^ Vil (MAX.), CAS Cycling 
tPC = tPC(MIN.) 

lo = 0 mA 

tRAC = 60 ns 


780 

mA 

3,4,6 

tRAC = 70 ns 


700 

tRAC = 80 ns 


620 

tRAC = 100 ns 


540 

CAS before RAS 
refresh current 

1 CC 5 

RAS Cycling 
tRC = tRCIMIN.) 

lo = 0 mA 

tRAC = 60 ns 


1 020 

mA 

3,4 

tRAC = 70 ns 


860 

tRAC = 80 ns 


780 

tRAC = 100 ns 


700 

Input leakage curront 

ll(L) 

Vi =0to 5.5 V 

all othor pins not under test = 0 V 

-10 

+10 



Output leakage current 

1 0 (L) 

1/00 to 1/031 is disabled (Hi-Z) 

Vo = 0 to 5.5 V 

-10 

+10 

M 


High level output voltage 

VoH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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MC-422000A32, 422000A36 SERIES 


[MC-422000A36 series] 


Parameter 

Symbol 

Operating current 

Icci 

Standby current 

1 CC2 

RAS only refresh current 

ICC3 

Operating current 

(Fast page mode) 

1 CC 4 

CAS before RAS 
refresh current 

1 CC 5 

Input leakage current 

ll(L) 

Output leakage current 

1 0 (L) 

High level output voltage 

VOH 

Low level output voltage 

VOL 


Test condition 


RAS, CAS Cycling 

tRC = tRC(MIN.) 

lo = 0 mA 

RAS, CAS ^ Vih (min.) 
RAS, CAS ^ Vcc-0.2 V 

RAS Cycling 
CAS ^ Vih (min.) 

tRC = t R C(M I N .) 

lo = 0 mA 


tRAC = 70 ns 
tRAC = 80 ns 
tRAC = 100 ns 
I o = 0 mA 
lo = 0 mA 

tRAC = 70 ns 
t rac = 80 ns 
tRAC = 100 ns 


RAS ^ Vil (max.), CAS Cycling tRAC = 70 ns 

tPC = tPC(MIN.) 

I a tRAC = 80 ns 


lo = 0 mA 


RAS Cycling 

tRC = tRC(MIN.) 

lo = 0 mA 


Vi =0to 5.5 V 

all other pins not under test = 0 V 

1/00 to 1/035 is disabled (Hi-Z) 

Vo = 0 to 5.5 V 


tRAC = 100 ns 

tRAC = 70 ns 
tRAC = 80 ns 
tRAC = 100 ns 


MIN. 

MAX. 




1 180 


1 060 


940 


48 


24 




1 180 


1 060 


940 




980 


860 


740 




1 180 


1 060 


940 

-10 

+10 

-10 

+10 

2.4 



0.4 


mA 3,4,7 


mA 3,4, 5,7 


mA 3,4,6 
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MC-422000A32, 422000A36 SERIES 


AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes8,9,i8 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

tRAC = 100 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read or Write Cycle Time 

t RC 

120 


140 


160 


190 


ns 


Fast Page Mode Cycle Time (Read or Write) 

tPC 

40 


45 


50 


60 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 


100 

ns 

10,11 

Access Time from CAS (Falling Edge) 

MC-422000A32 

tCAC 


15 


20 


20 


25 

ns 

10,11 

MC-422000A36 


Access Time from Column Address 

t AA 


30 


35 


40 


50 

ns 

10,11 

Access Time from CAS Precharge 

t ACP 


35 


40 


45 


55 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

17 

50 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time (CAS) 

tOFF 

0 

15 

0 

15 

0 

20 

0 

25 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

50 


60 


70 


80 


ns 


RAS Pulse Width (Random Read, Write Cycle) 

tRAS 

60 

10 000 

70 

10 000 

80 

10 000 

100 

10 000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125 000 

70 

125000 

80 

125 000 

100 

125 000 

ns 


RAS Hold Time 

tRSH 

20 


20 


20 


25 


ns 


CAS Pulse Width 

tCAS 

20 

10 000 

20 

10 000 

20 

10 000 

25 

10 000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


100 


ns 


RAS to CAS Dolay Time 

MC-422000A32 

tRCD 

20 

40 

20 

50 

25 

60 

25 

90 

ns 

10 

MC-422000A36 

75 

CAS to RAS Precharge Time 

tCRP 

10 


10 


10 


10 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

t RPC 

10 


10 


10 


10 


ns 


RAS Hold Time from CAS Precharge 

t RHCP 

35 


40 


45 


55 


ns 


Row Address Setup Time 

t ASR 

0 


0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


12 


ns 


Column Address Setup Time 

t ASC 

0 


0 


0 


0 


ns 


Column Address Hold Time 

MC-422000A32 

tCAH 

15 


15 


15 


20 


ns 


MC-422000A36 

17 

20 

Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


50 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

t RRH 

10 


10 


10 


10 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


0 


ns 

14 

Write Command Hold Time Referenced to CAS 

tWCH 

15 


15 


15 


20 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


0 


ns 

16 

Data-in Hold Time 

MC-422000A32 

tDH 

15 


15 


15 


20 


ns 

16 

MC-422000A36^ 

20 

Write Command Setup Time 

twes 

0 


0 


0 


0 


ns 

17 

CAS Setup Time for CAS before RAS Refresh 

tCSR 

10 


10 


10 


10 


ns 


CAS Hold Time for CAS before RAS Refresh 

tCHR 

15 


15 


15 


20 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


20 


ns 


Refresh Time 

tREF 


16 


16 


L_16_ 


16 

ms 
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Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates ( tRcand tpc ). 

4 . Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each fast 
page cycle. 

7. Icci and Icc3are measured assuming that address can be changed once or less during RAS ^ Vil 
(max.) and CAS ^ Vihimin.). 

8. AC measurements assume tr = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


VlH (MIN.) = 2.4 V - 
Vil (max.) = 0.8 V - 




ti = 5 ns ' 


ti = 5 ns 


(2) Output timing specification 

VoH (MIN.) = 2.4 V - - 
Vol (MAX.) = 0.4 V -- 


10. For read cycles, access time is defined as follows : 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ t RAD (MAX.) , t RCD ^ tRCD (MAX.) 

tRAC (MAX.) 

t RAC (MAX.) 

tRAD > tRAD (MAX.), tRCD ^ tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

t CAC (MAX.) 

tRCD + t CAC (MAX.) 


tRAD (max.) and tRCDiMAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD ^ tRAD (max.) and 
tRco ^ tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12 . tOFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not referenced 
to Voh or Vol. 

13 . teRP (min.) requirement should be applied for RAS / CAS cycles preceded by any cycles. 

14 . Either tRCH (min.) or tRRH (min.) should be met in read cycles. 

15 . In early write cycles, twcH <min.) should be met. 

16 . tDs (min.) and tDH (min.) are referenced to the CAS falling edge in early write cycles. 

17 . If twcs ^ twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 

18 . The column “trac = 60 ns” is not applicable to MC-422000A36. 
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Timing Chart 

Please refer to Timing Chart 2, page 375. 
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DATA SHEET 



MOS INTEGRATED CIRCUIT 

MC-424000A32, 424000A36 SERIES 


4 M-WORD BY 32-BIT, 4 M-WORD BY 36-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE 


Description 

The MC-424000A32 series is a 4,194,304 words by 32 bits dynamic RAM module on which 8 pieces of 
16 M DRAM: //PD4217400 are assembled. 

The MC-424000A36 series is a 4,194,304 words by 36 bits dynamic RAM module on which 8 pieces of 
16 M DRAM: /iPD4217400 and 4 pieces of 4 M DRAM: |iPD424100 are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 4,194,304 words by 32 bits organization (MC-424000A32 series) 

• 4,194,304 words by 36 bits organization (MC-424000A36 series) 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-424000A32-60 

60 ns 

110 ns 

4,840 mW 

44 mW 

(CMOS level input) 

MC-424000A32-70 

70 ns 

130 ns 

4,400 mW 

MC-424000A32-80 

80 ns 

150 ns 

3,960 mW 

MC-424000A36-60 

60 ns 

110 ns 

7,480 mW 

66 mW 

(CMOS level input) 

MC-424000A36-70 

70 ns 

130 ns 

6,600 mW 

MC-424000A36-80 

80 ns 

150 ns 

5,940 mW 


• 2,048 refresh cycles/32 ms 

• 2,048 refresh cycles/16 ms (MC-424000A36 burst refesh) 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 72-pin single in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.5 V power supply 

• Access time can be distinguished with characteristics of PD-pins (PD0 to PD3) 


The information in this document is subject to change without notice. 


459 (Japan) 
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Ordering Information 


[MC-424000A32 series] 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-424000A32B-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Solder coating (HAL) 

8 pieces of //PD4217400LA 
(300 mil SOJ) 

[Single side] 

MC-424000A32B-70 

70 ns 

MC-424000A32B-80 

80 ns 

MC-424000A32F-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

MC-424000A32F-70 

70 ns 

MC-424000A32F-80 

80 ns 


[MC-424000A36 series] 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-424000A36BE-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Solder coating (HAL) 

8 pieces of /iPD4217400LA 
(300 mil SOJ) 

4 pieces of //PD424100LA 
(300 mil SOJ) 

[Double side] 

MC-424000A36BE-70 

70 ns 

MC-424000A36BE-80 

80 ns 

MC-424000A36FE-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

MC-424000A36FE-70 

70 ns 

MC-424000A36FE-80 

80 ns 

MC-424000A36BJ-60 

60 ns 

72-pin Singlo In-line Memory Module 
(Socket Typo) 

Edge connector: Solder coating (HAL) 

8 pieces of /zPD4217400LA 
(300 mil SOJ) 

4 pieces of /zPD424100LA 
(300 mil SOJ) 

[Single side] 

MC-424000A36BJ-70 

70 ns 

MC-424000A36BJ-80 

80 ns 

MC-424000A36FJ-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

MC-424000A36FJ-70 

70 ns 

MC-424000A36FJ-80 

80 ns 


Quality Grade 

Standard 


Please refer to "Quality grade on NEC Semiconductor Devices" (Document number IEI-1209) published by 
NEC Corporation to know the specification of quality grade on the devices and its recommended applications. 
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Pin Configuration 


[MC-424000A32 series] 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 


GND 

1/00 

1/016 

1/01 

1/017 

1/02 

1/018 

1/03 

1/019 

Vcc 

NC 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A10 

1/04 

1/020 

1/05 

1/021 

1/06 

1/022 

1/07 

1/023 

A7 

NC 

Vcc 

A8 

A9 

NC 

RAS2 

NC 

NC 


NC 

NC 

GND 

CASO 

CAS2 

£A£3 

CAS1 

RASO 

NC 

NC 

WE 

NC 

1/08 

1/024 

1/09 

1/025 

1/010 

1/026 

1/011 

1/027 

1/012 

1/028 

Vcc 


1/029 

1/013 

1/030 

1/014 

1/031 

1/015 

NC 

PDO 

PD1 

PD2 

PD3 

NC 

GND 


J 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 




o 


S § 

9 9 

ro ro 

4* 

o o 
o o 
© o 
> > 
CO CO 

ro ro 
■n co 


O 


AO- A10 

1/00 - 1/031 

CASO - CAS3 

RASO, RAS2 

WE 

Vcc 

GND 

NC 


: Address Inputs 
: Data Inputs/Outputs 
: Column Address Strobe 
: Row Address Strobe 
: Write Enable 
: Power Supply 
: Ground 
: No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access time. 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

PDO 

67 

GND 

GND 

GND 

PD1 

68 

NC 

NC 

NC 

PD2 

69 

NC 

GND 

NC 

PD3 

70 

NC 

NC 

GND 
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[MC-424000A36 series] 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 


GND 0 

1 

1/00 cm-* 

2 

1/018 cm-* 

3 

1/01 CM-* 

4 

1/019 O^-* 

5 

1/02 Cm—* 

6 

1/020 O— * 

7 

1/03 Cm — ► 

8 

1/021 Cm-* 

9 

Vcc O 

10 

NC O 

11 

AO O — * 

12 

A1 O — * 

13 

A2 O — * 

14 

A3 O — * 

15 

A4 O — * 

16 

A5 O — * 

17 

A6 O — * 

18 

A10 O — * 

19 

1/04 O— * 

20 

1/022 Cm-* 

21 

1/05 CM-* 

22 

1/023 Cm-* 

23 

1/06 0*-* 

24 

1/024 O-*-* 

25 

1/07 CM-* 

26 

1/025 Om-* 

27 

A7 O — * 

28 

NC O 

29 

Vcc O 

30 

A8 O — * 

31 

A9 O — * 

32 

NC O 

33 

FTA$2 O — * 

34 

1/026 Om-* 

35 

1/08 CM-* 

36 


p 

1/017 0 -—* 

37 

1/035 Cm * 

38 

_£ND O 

39 

GAS£ a— * 

40 

CAS2 0 — * 

41 

£A$3 0 — * 

42 

CAS1 O — * 

43 

RASO O — * 

44 

NC O 

45 

N£ O 

46 

WE O — * 

47 

NC O 

48 

1/09 O-*-* 

49 

1/027 Om-* 

50 

1/010 0 —* 

51 

1/028 CM-* 

52 

1/011 CM-* 

53 

1/029 CM-* 

54 

1/012 O— * 

55 

1/030 O-*-* 

56 

1/013 a*-* 

57 

1/031 CM—* 

58 

Vcc O 

59 

1/032 O— * 

60 

1/014 Cm-* 

61 

1/033 Cm-* 

62 

1/015 Cm-* 

63 

1/034 CM-* 

64 

1/016 Om-* 

65 

NC O 

66 

PDO O 

67 

PD1 O 

68 

PD2 O 

69 

PD3 0 

70 

NC O 

71 

GND O 

72 


J 


O 


2223 

9 9 9 9 

6 6 6 6 

iiii 

o © o o 
>>>> 
CO W W CO 
O) 9> 0) 0> 
71 n 33 05 

<- c. m m 


O 


AO - A10 

1/00 - 1/035 

CASO - CAS3 

RASO, RAS2 

WE 

Vcc 

GND 

NC 


: Address Inputs 
: Data Inputs/Outputs 
: Column Address Strobe 
: Row Address Strobe 
: Write Enable 
: Power Supply 
: Ground 
: No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access time. 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

PDO 

67 

GND 

GND 

GND 

PD1 

68 

NC 

NC 

NC 

PD2 

69 

NC 

GND 

NC 

PD3 

70 

NC 

NC 

GND 
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MC-424000A32, 424000A36 SERIES 


Electrical Specifications Notes ^ 2 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 

MC-424000A32 

8 

W 

MC-424000A36 

12 

Operating temperature 

Topt 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposureto AbsoluteMaximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.5 

5.0 

5.5 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = +25 *C, f = 1 MHz) 
[MC-424000A32 series] 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - A10 



68 

pF 

Cl2 

WE 



76 

Cl3 

RAS0, RAS2 



43 

Cl4 

CAS0 - CAS3 



29 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



17 

PF 


[MC-424000A36 series] 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - A10 



88 

pF 

Cl2 

WE 



104 

Cl3 

RAS0, RAS2 



57 

Cl4 

CASO - CAS3 



36 

Data Input/Output capacitance 

Ci/oi 

l/OO - 1/07, 1/09 - 1/016, 

1/018 - 1/025, 1/027 - 1/034 



17 

PF 

Cl/02 

1/08, 1/017, 1/026, 1/035 



22 
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MC-424000A32, 424000A36 SERIES 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


[MC-424000A32 series] 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


880 

mA 

3, 4, 7 

tRAc = 70 ns 


800 

tRAc = 80 ns 


720 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


16 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


8 

RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


880 

mA 

3, 4, 5, 7 

CAS > Vih imin.i 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


800 

tRAc = 80 ns 


720 

Operating curront 

(Fast pago mode) 

1 CC 4 

RAS < Vil (max.), CAS Cycling 

tPC = tPC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


560 

mA 

3, 4, 6 

tRAc = 70 ns 


480 

tRAc = 80 ns 


400 

CAS before RAS 

refresh current 

IcCG 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tnAc = 60 ns 


880 

mA 

3, 4 

tRAc = 70 ns 


800 

tRAc = 80 ns 


720 

Input leakage current 

ll <U 

Vi = 0 to 5.5 V 

All other pins not undor test = 0 V 

- 10 

+10 

MA 


Output leakage current 

lo IL) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

HA 


High level output voltage 

VoH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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MC-424000A32, 424000A36 SERIES 


[MC-424000A36 series] 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

Jo s 0 mA 

tRAc = 60 ns 


1,360 

mA 

3, 4, 7 

tRAc = 70 ns 


1,200 

tRAc = 80 ns 


1,080 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


24 

mA 


RAS, CAS > Vcc - 0.2 V | 0 = 0 mA 


12 

RAS only refresh current 

ICC3 

RAS Cycling 

CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,360 

mA 

3, 4, 5, 7 

tRAc = 70 ns 


1,200 

tRAc = 80 ns 


1,080 

Operating current 

(Fast page mode) 

1 CC4 

RAS < Vil (max.), CAS Cycling 

tPC = tPC (MIN.) 

lo as 0 mA 

tRAc = 60 ns 


920 

mA 

3, 4, 6 

tRAc = 70 ns 


800 

tRAc = 80 ns 


680 

CAS before RAS 

refresh current 

ICC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,360 

mA 

3, 4 

tRAc = 70 ns 


1,200 

tRAc = 80 ns 


1,080 

Input leakage current 

ll(L) 

Vi = 0 to 5.5 V 

All other pins not under test = 0 V 

-10 

+10 

M 


Output leakage current 

10 CL) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

MA 


High level output voltage 

VOH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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MC-424000A32, 424000A36 SERIES 


AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes8 ' 9 


[MC-424000A32 series] 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


18 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

O' 

15 

0 

15 

0 

20 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tnp 

40 


50 


60 


ns 


RAS Pulse Width 

tnAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRAGP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tnsu 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSM 

60 


70 


80 


ns 


RAS to CAS Dolay Time 

tncD 

20 

40 

20 

50 

25 

60 

ns 

10 

CAS to RAS Procharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Prechargo Time 

tCPN 

10 


10 


10 


ns 


CAS Prechargo Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Prechargo CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Timo from CAS Precharge 

tRHCP 

35 


40 


45 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


32 


32 


32 

ms 
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[MC-424000A36 series] 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 


Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

unit 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


20 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

15 

0 

20 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

20 


20 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

20 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

40 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

10 


10 


10 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

10 


10 


10 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 


40 


45 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

| tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

15 


15 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

15 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

10 


10 


10 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

Distributed refresh 

tREF 


32 


32 


32 

ms 


Burst refresh 


16 


16 


16 

ms 


79 





NEC 


MC-424000A32, 424000A36 SERIES 


Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 [is and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc 3 , I cc4 and Ices depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc 3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc 4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc 3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih(min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


VlH (MIN.) = 2.4 V 
Vil (max) = 0.8 V 



V. 


trr = 5 ns 


tt = 5 ns 


(2) Output timing specification 


VOH (MIN.) = 2.4 V 
VOL (MAX.) = 0.4 V 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRCD (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD <max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. toFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not 
referenced to Voh or Vol. 

13. tCRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH <min.) or tRRH <min.) should be met in read cycles. 

15. In early write cycles, twcH <min.> should be met. 

16. tDS (min.) and tDH (min.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 
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Timing Chart 

Please refer to Timing Chart 2, page 375. 
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DATA SHEET 


MOS INTEGRATED CIRCUIT 


MC-428000A32, 428000A36 SERIES 


8 M-WORD BY 32-BIT, 8 M-WORD BY 36-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE 


Description 

The MC-428000A32 series is a 8,388,608 words by 32 bits dynamic RAM module on which 16 pieces of 
16 M DRAM: //PD4217400 are assembled. 

The MC-428000A36 series is a 8,388,608 words by 36 bits dynamic RAM module on which 16 pieces of 
16 M DRAM: /*PD4217400 and 8 pieces of 4 M DRAM: /iPD424100 are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 8,388,608 words by 32 bits organization (MC-428000A32 series) 

• 8,388,608 words by 36 bits organization (MC-428000A36 series) 

• Fast access and cycle time 


Family 

Access time 
(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-428000A32-60 

60 ns 

110 ns 

5,170 mW 

88 mW , 

(CMOS level input) 

MC-428000A32-70 

70 ns 

130 ns 

4,730 mW 

MC-428000A32-80 

80 ns 

150 ns 

4,290 mW 

MC-428000A36-60 

60 ns 

110 ns 

7,810 mW 

132 mW 

(CMOS level input) 

MC-428000A36-70 

70 ns 

130 ns 

6,930 mW 

MC-428000A36-80 

80 ns 

150 ns 

6,270 mW 


• 2,048 refresh cycles/32 ms 

• 2,048 refresh cycles/16 ms (MC-428000A36 burst refesh) 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 72-pin single in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.5 V power supply 

• Access time can be distinguished with characteristics of PD-pins (PD0 to PD3) 


The information in this document is subject to change without notice. 


>3455 (Japan) 
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MC-428000A32, 428000A36 SERIES 


Ordering Information 


[MC-428000A32 series] 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-428000A32B-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Solder coating (HAL) 

16 pieces of /iPD 4217400LA 
(300 mil SOJ) 

[Double side] 

MC-428000A32B-70 

70 ns 

MC-428000A32B-80 

80 ns 

MC-428000A32F-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

MC-428000A32F-70 

70 ns 

MC-428000A32F-80 

80 ns 


[MC-428000A36 series] 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-428000A36BJ-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Type) 

Edge connector: Solder coating (HAL) 

16 pieces of //PD4217400LA 
(300 mil SOJ) 

8 pieces of /rPD424100LA 
(300 mil SOJ) 

[Double side] 

MC-428000A36BJ-70 

70 ns 

MC-428000A36BJ-80 

80 ns 

MC-428000A36FJ-60 

60 ns 

72-pin Single In-line Memory Module 
(Socket Typo) 

Edge connector: Gold plating 

MC-428000A36F J -7 0 

70 ns 

MC-428000A36F J -80 

80 ns 


Quality Grade 

Standard 


Please refer to "Quality grade on NEC Semiconductor Devices" (Document number IEI-1209) published by 
NEC Corporation to know the specification of quality grade on the devices and its recommended applications. 
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MC-428000A32, 428000A36 SERIES 


Pin Configurations 


[MC-428000A32 series] 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 



A0-A10 : Address Inputs 

1/00 - 1/031 : Data Inputs/Outputs 

CASO - CAS3 : Column Address Strobe 
RASO - RAS3 : Row Address Strobe 
WE : Write Enable 

Vcc : Power Supply 

GND : Ground 

NC : No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access time. 
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[MC-428000A36 series] 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 


GND 

1/00 

1/018 

1/01 

1/019 

1/02 

1/020 

1/03 

1/021 

Vcc 


NC 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A10 

1/04 

1/022 

1/05 

1/023 

1/06 

1/024 

1/07 

1/025 

A7 

NC 


Vcc 


A8 

A9 

HAS3 

MAS2 

1/026 

1/08 


J 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 


1/017 

1/035 

GND 

CASO 

CAS2 

QAS3 

CAS1 

RASP 

RAS1 

_NQ 

WE 

NC 

1/09 

1/027 

1/010 

1/028 

1/011 

1/029 

1/012 

1/030 

1/013 

1/031 

Vcc 

1/032 

1/014 

1/033 

1/015 

1/034 

1/016 

NC 

PDO 

PD1 

PD2 

PD3 

NC 

GND 





37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 


o 


n 

kb 

oo oo 

§§ 
o o 
> > 

CO CO 
CD O) 


T 


O 


AO - A10 

1/00 - 1/035 

CASO - CAS3 

RASO - RAS3 

WE 

Vcc 

GND 

NC 


: Address Inputs 
: Data Inputs/Outputs 
: Column Address Strobe 
: Row Address Strobe 
: Write Enable 
: Power Supply. 

: Ground 

: No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access time. 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

PDO 

67 

NC 

NC 

NC 

PD1 

68 

GND 

GND 

GND 

PD2 

69 

NC 

GND 

NC 

PD3 

70 

NC 

NC 

GND 
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MC-428000A32, 428000A36 SERIES 


Electrical Specifications Notes ^ 2 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 

MC-428000A32 

16 

W 

MC-428000A36 

24 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.5 

5.0 

5.5 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 
[MC-428000A32 series] 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

AO - A10 



121 



Cl2 

WE 



137 

pF 


Cl3 

RAS0 - RAS3 



48 


Cl4 

CAS0 - CAS3 



48 


Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



29 

PF 


[MC-428000A36 series] 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cm 

A0- A10 



161 

PF 

Cl2 

WE 



193 

Cl3 

RASO - RAS3 



62 

Cl4 

CAS0 - CAS3 



62 

Data Input/Output capacitance 

Ci/oi 

l/OO - 1/07, 1/09 - 1/016, 

1/018 - 1/025, 1/027 - 1/034 



29 

PF 

Cl/02 

1/08, 1/017, 1/026, 1/035 



39 
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MC-428000A32, 428000A36 SERIES 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


[MC-428000A32 series] 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


940 

mA 

3, 4, 7 

tRAc = 70 ns 


860 

tRAc = 80 ns 


780 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


32 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


16 

RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


940 

mA 

3, 4, 5, 7 

CAS > Vih imin.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


860 

tRAc = 80 ns 


780 

Operating current 
(Fast pago modo) 

ICC4 

RAS < Vil (max.), CAS Cycling 

tPC = tPCIMIN.) 

lo = 0 mA 

tRAc = 60 ns 


620 

mA 

3, 4, 6 

tRAc = 70 ns 


540 

tRAc = 80 ns 


460 

CAS before RAS 

refresh current 

IcCG 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


940 

mA 

3, 4 

tRAc = 70 ns 


860 

tRAc = 80 ns 


780 

Input leakage current 

ll(L) 

Vi = 0 to 5.5 V 

All othor pins not under test = 0 V 

-10 

+10 

HA 


Output leakage current 

lo (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

VA 


High level output voltage 

VOH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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MC-428000A32, 428000A36 SERIES 


[MC-428000A36 series] 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,420 

mA 

3, 4, 7 

tRAc = 70 ns 


1,260 

tRAc = 80 ns 


1,140 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


48 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


24 

RAS only refresh current 

ICC3 

RAS Cycling 

CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,420 

mA 

3, 4, 5, 7 

tRAc = 70 ns 


1,260 

tRAc = 80 ns 


1,140 

Operating current 

(Fast page mode) 

ICC4 

RAS < Vilimax.), CAS Cycling 

tPC = tPC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


980 

mA 

3, 4, 6 

tRAc = 70 ns 


860 

tRAc = 80 ns 


740 

CAS before RAS 

refresh current 

ICC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,420 

mA 

3, 4 

tRAc = 70 ns 


1,260 

tRAc = 80 ns 


1,140 

Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 

All other pins not under test = 0 V 

-10 

+10 

M 


Output leakage current 

l0 (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

M 


High level output voltage 

VOH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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MC-428000A32, 428000A36 SERIES 


AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes8 ' 9 


[MC-428000A32 series] 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


18 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

15 

0 

20 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tnsu 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

40 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Prechargo Time 

tCPN 

10 


10 


10 


ns 


CAS Prechargo Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Prechargo CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Timo from CAS Prechargo 

tRHCP 

35 


40 


45 


ns 


Row Address Sotup Timo 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Timo 

tREF 


32 


32 


32 

ms 
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MC-428000A32, 428000A36 SERIES 


[MC-428000A36 series] 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 


Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

unit 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


20 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

15 

0 

20 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tlH* 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

20 


20 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

20 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

40 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

10 


10 


10 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

10 


10 


10 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 


40 


45 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

15 


15 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tOH 

15 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

10 


10 


10 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

Distributed refresh 

tREF 


32 


32 


32 

ms 


Burst refresh 


16 


16 


16 

ms 
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MC-428000A32, 428000A36 SERIES 


Notes 


1. All voltages are referenced to GND. 

2. After power up, wait more than 100 ns and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRc and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc 3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc 4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


Vim (mini = 2.4 V 
Vrt IMAX ) = 0.8 V 

tT = 5 ns tr = 5 ns 

(2) Output timing specification 

VoH (MIN.) = 2.4 V 
VOL (MAX.) = 0.4 V 

10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 




tRAD ( max.) and tRCD ( max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD imax.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. toFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not 
referenced to Voh or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH (min.) should be met in read cycles. 

15. In early write cycles, twcH <min.) should be met. 

16. tDs (min.) and tDH (min.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 
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Timing Chart 

Please refer to Timing Chart 2, page 375. 



NEC 


MC-428000A32, 428000A36 SERIES 









MC-428000A32, 428000A36 SERIES 


[MC-428000A36BJ, 428000A36FJ] 


72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 


rmiiiiiimHiiiiiiimiiiiiiiiiiiiiNl 


VHmmmmmnmimmiiiiiiin 

HHH 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinaiiiiiiiiiiiiiiiiHiiiimiiiiiiimii 



ITEM 

MILLIMETERS 

INCHES 

detail of (A) part 

A 

107.95±0.13 

4.250±0.006 

i W 

B 

101.19 

3.984 

1 " 1 " 

C 

44.45 

1.750 

1*1 i*i r 

D 

6.35 

0.250 

U Ml x 

E 

44.45 

1.750 


G 

10.16 

0.400 

Z _L > 

H 

1.27 (T'.P.) 

0.050 (T.P.) 

H 

1 

6.35 

0.250 


J 

2.03 

0.080 


K 

6.35 

0.250 


M 

31.75 

1.250 


N 

9.0 MAX. 

0.355 MAX. 


P 

R1.57 

R0.062 


S 

03.18 

00.125 


T 

■1 Q7 + 0.1 

1 -0.08 

0.050±0.004 


U 

3.17 MIN. 

0.124 MIN. 


V 

0.25 MAX. 

0.010 MAX. 


w 

1 .04±0.05 

0.041 ±0.002 


X 

3.15 MIN. 

0.124 MIN. 




M72B-50A50 


[5T5] 






4 Byte SIMM 
[Hyper Page (EDO)] 




PRELIMINARY DATA SHEET 



CGVilOS II INTEGRATED CIRCUIT 


00F3; 


1 M-WQRD BY 32-BIT DYNAMIC RAM MODULE 
IHYPER PAGE MODE (EDO) 


Description 

The MC-421000F32 is a 1,048,576 words by 32 bits dynamic RAM module on which 2 
pieces of 16M DRAM: /uPD4218165 are assembied. 

These modules provide hige density and large quantities of memory in a small space without utilizing 
the surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

o Hyper page mode (EDO) 
o 1,048,576 words by 32 bits organization 
o Fast access and cycle time 


Family 

Access time 

R/W cycle time 

Hyper page mode 

Power consumption 
(MAX.) 

(MAX.) 

(MIN.) 

cycle time (MIN.) 

Active 

Standby 

MC-42 1 000F32-60 

60 ns 

104 ns 

25 ns 

1,760 mW 

11 mW 

MC-421000F32-70 

70 ns 

124 ns 

30 ns 

1,650 mW 

(CMOS level input) 


o 1,024 refresh cycle / 16ms 

o CAS before RAS refresh, RAS only refresh. Hidden refresh 
o 72-pin single in-line memory module (Pin pitch = 1.27 mm) 
o Single +5.0 V ±0.5 V power supply 

o Access time can be distinguished with characteristics of PD-pins (PD0 to PD3) 


Tho Information in this document is subject to chcngo without notice. 


0438EJ1 V0DS00 (Japan) 
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MC-421 000F32 


Ordering Information 


Part number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC-421 000F32BA-60 

60 ns 

72-pin Single In-line Memory Module (Socket Type) 
Edge connector: Solder coating(HAL) 

2 pieces of PD4218165LE 

(400mil SOJ) 

[Single side] 

MC-421 000F32BA-70 

70 ns 

MC-42 1 000F32FA-60 

60 ns 

72-pin Single In-line Memory Module (Socket Type) 
Edge connector: Gold plating 

MC-421 000F32FA-70 

70 ns 
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iVIC-421 000F32 


Pin Configuration 


72-pin Single In-line Memory Modulo Socket Type (Edge connector : Solder coating. Gold plating) 


o*-H 


o*-h 


o*— H 


CAS1 

RASO 

NC 

m 

WE 

NC 

1/08 

1/024 

1/09 

1/025 

1/010 

1/026 

1/011 

1/027 

1/012 

1/028 

Vcc 

1/029 

1/013 

1/030 

1/014 

1/031 

1/015 

NC 

PDO 

PD1 

PD2 

PD3 

NC 

GND 


o-*-H 


O 


9 o 
4 

PO 


ft 


00 CO 

ro n 

> > 


O 


A0-A9 

: Address Inputs 

1/00-1/031 

: Data Inputs/Outputs 

CAS0-CAS3 

: Column Address Strobe 

RAS0,RAS2 

: Row Address Strobe 

WE 

: Write Ehable 

Vcc 

: Power Supply 

GND 

: Ground 

NC 

: No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access times. 


Pin 

Pin 

Access Time 

Name 

No. 

60ns 

70ns 

PDO 

67 

GND 

GND 

PD1 

68 

GND 

GND 

PD2 

69 

NC 

GND 

PD3 

70 

NC 

NC 


105 






IVIC-421 000F32 


Electrical Specifications 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply Voltage 

Vcc 


-1.0 to +7.0 

V 

Output Current 

lo 


50 

mA 

Power Dissipation 

Pd 


2 

W 

Operating Ambient Temperature 

Ta 


0 to +70 

°C 

Storage Temperature 

Tatfl 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to bo operated undor conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect devico reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply Voltage 

Vcc 


4.5 

5.0 

5.5 

V 

High Level Input Voltage 

VlH 


2.4 


Vcc +1.0 

V 

Low Level Input Voltage 

VlL 


-1.0 


+0.8 

V 

Operating Ambient Temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input Capacitance 

Cm 

A0- A9 



30 

PF 

Cl2 

WE 



34 

Cl3 

RAS0 , RAS2 



22 

Cl4 

CAS0 - CAS3 



22 

Data Input/Output Capacitance 

Ci/o 

1/00 - 1/031 



20 

PF 
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MC-421 000F32 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC(MIN.) 

lo = 0 mA 

tRAC = 60 ns 


320 

mA 

1,2,3 

tRAC = 70 ns 


300 

Standby current 

ICC2 

RAS, CAS ^ Vih (min.), lo = 0 mA 


4 

mA 


RAS, CAS £ Vcc - 0.2 V, lo = 0 mA 


2 

RAS only refresh current 

ICC3 

RAS Cycling 

CAS ^ Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


320 

mA 

1, 2,3,4 

tRAC = 70 ns 


300 

Oporating current 
(Hyper page mode) 

ICC4 

RAS = VlL (MAX.) 

CAS Cycling 

tHPC = tHPC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


220 

mA 

1,2,5 

tRAC = 70 ns 


200 

CAS before RAS 
refresh current 

ICCG 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


320 

mA 

1,2 

tRAC = 70 ns 


300 

Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 

all other pins not under test = 0 V 

-10 

+10 

pA 


Output leakage current 

lo (L) 

Vo = 0 to S.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

HA 


High level outputvoltageLow 

VOH 

lo = -2.5 mA 

2.4 


V 


level output voltage 

VOL 

lo = +2.1 mA 


0.4 

V 



Notes 1. 
2 . 

3 . 

4 . 

5 . 


Icci, Icc3, Icc4, I cc5 depend on cycle rates (tRc and tHPc). 

Specified values are obtained with outputs unloaded. 

Icci and Icc3 are measured assuming that address can be changed once or less during RAS ^ 
Vikmax.) and CAS ^ Vihimin.j. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each hyper 
page cycle. 
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MC-421 000F32 


AC Characteristics (Recommended Operating Conditions unless otherwise noted) 


AC Characteristics Test Conditions 

(1) Input timing specification 

VlH (MIN.) = 2.4 V 
VlL (MAX.) =0.8 V 

tT= 2 ns 



(2) Output timing specification 
VoH (MIN.) = 2.4 V- 
VoL (MAX.) = 0.4 V' 

tT= 2 ns 




(3) Loading conditions are 100 pF + 1 TTLs. 


Common to Read, Write Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notos 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tRC 

104 

— 

124 

— 

ns 


RAS Precharge Time 

tRP 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCPN 

10 

— 

10 

— 

ns 


MS Pulse Width 

tRAS 

60 

10 000 

70 

10 000 

ns 


C AS Pulse Width 

tCAS 

10 

10 000 

12 

10 000 

ns 


RAS Hold Time 

tRSH 

10 

— 

12 

— 

ns 


CAS Hold Time 

tCSH 

40 

— 

50 

— 

ns 


RAS to CAS Delay Time 

tRCD 

14 

45 

14 

52 

ns 

1 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

1 

CAS to RAS Precharge Time 

tCRP 

5 

— 

5 

— 

ns 

2 

Row Address Setup Time 

tASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRAH 

10 

— 

10 

— 

ns 


Column Address Setup Time 

tASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCAH 

10 

— 

12 

— 

ns 


CAS to Data Setup Time 

tCLZ 

0 

— 

0 

— 

ns 


Transition Time (Rise and Fall) 

tT 

1 

50 

1 

50 

ns 


Refresh Time 

tREF 

— 

16 

— 

16 

ms 
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MC-421 000F32 


Notes 1 . For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tAA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX) 

tCAC (MAX) 

tRCD + tCAC (MAX) 


tRAD(MAX) and tRCDtMAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRAD(MAX) and tRCD ^ 
tRCDiMAx.) will not cause any operation problems. 

2. tcRP{MiN.) requirement is applied to RAS, CAS cycles. 


Read Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Access Time from RAS 

tRAC 

— 

60 

— 

70 

ns 

1 

Access Time from CAS 

tCAC 

— 

15 

— 

18 

ns 

1 

Access Time from Column Address 

tAA 

— 

30 

— 

35 

ns 

1 

Column Address Lead Time Referenced to RAS 

tRAL 

30 

— 

35 

— 

ns 


Read Command Setup Time 

tRCS 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

— 

0 

— 

ns 

2 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

— 

0 

— 

ns 

2 


Notes 1 . For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tAA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX) 

tCAC (MAX) 

tRCD + tCAC (MAX) 


tRAD(MAX) and tRCDiMAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine wh ich access time Urac, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRAD(MAX) and tRCD ^ 
tRCD(MAx.) will not cause any operation problems. 

2. Either tRCH(MiN.) or tRRH(MiN.) should be met in read cycles. 
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Write Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

WE Hold Time Referenced to CAS 

tWCH 

10 

— 


— 

ns 


WE Setup Time 

twcs 

0 

— 

0 

— 

ns 

1 

Data-in Setup Time 

tDS 

0 

— 

0 

— 

ns 

2 

Data-in Hold Time 

tDH 

10 

— 

10 

— 

ns 

2 


Notes 1. 


2 . 


If twcs ^ twcsiMiN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 

tos(MiN.) and tDHiMiN.) are referenced to the CAS falling edge in early write cycles. 
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Hyper Page Mode 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tHPC 

25 

— 

30 

— 

ns 

1 

RAS Pulse Width 

tRASP 

60 

125 000 

70 

125000 

ns 


CAS Pulse Width 

tHCAS 

10 

10 000 

12 

10 000 

ns 


CAS Precharge Time 

tCP 

10 

— 

10 

— 

ns 


Access Time from CAS Precharge 

tACP 

— 

35 

— 

40 

ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 

— 

40 

— 

ns 


Data Output Hold Time 

tDHC 

5 

— 

5 

— 

ns 


Output Buffer Turn-off Delay from WE 

tWEZ 

0 

13 

0 

15 

ns 

2,3 

WE Pulse Width 

tWPZ 

10 


10 

— 

ns 

3 

Output Buffer Turn-off Delay from RAS 

tOFR 

0 

13 

0 

15 

ns 

2.3 

Output Buffer Turn-off Delay from CAS 

tOFC 

0 

13 

0 

15 

ns 

2.3 


Notes 1. tHPciMiN.) is applied to access time from CAS 

2. toFciMAx.), toFR(MAX.) and twEZ(MAx.) define the time when the output achieves the condition of Hi-Z and 
is not referenced to Voh or Vol. 

3. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE as follows. The 
effective specification depends on state of each signal. 

(1) Both RAS and CAS are Inactive (at the end of read cycle) 

WE : inactive 

tore is effective when RAS is inactivated before CAS is inactivated. 
t oFR i s effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are inactive or RAS is active and CAS is inactive(at the end of read cycle) 
WE : active and either tRRH or tRCH must be met-- twEz and twpzis effective. 


Refresh Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

CAS Setup Time 

tCSR 

5 



5 



ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 



10 



ns 


RAS Precharge CAS Hold Time 

tRPC 

5 



5 



ns 


WE Hold Time (Hidden Refresh Cycle) 

tWHR 

15 

— 

15 

— 

ns 
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Timing Chart 

Please refer to Timing Chart 3, page 385. 
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CMOS INTEGRATED CIRCUIT 

MC-422000F32 


2 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE (EDO) 


Description 

The MC-422000F32 is a 2,097,152 words by 32 bits dynamic RAM module on which 4 
pieces of 16M DRAM: /iPD4218165 are assembied. 

These modules provide hige density and large quantities of memory in a small space without utilizing 
the surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

® Hyper page mode (EDO) 
o 2,097,152 words by 32 bits organization 
o Fast access and cycle time 


Family 

Access time 

R/W cycle time 

Hyper page mode 

Power consumption 
(MAX.) 

(MAX.) 

(MIN.) 

cycle time (MIN.) 

Active 

Standby 

MC-422000F32-60 

60 ns 

104 ns 

25 ns 

1,782 mW 

22 mW 

MC-422000F32-70 

70 ns 

124 ns 

30 ns 

1,122 mW 

(CMOS level input) 


o 1,024 refresh cycle / 16ms 

o CAS before RAS refresh, RAS only refresh, Hidden refresh 
® 72-pin single in-line memory module (Pin pitch = 1.27 mm) 

® Single +5.0 V ±0.5 V power supply 

® Access time can be distinguished with characteristics of PD-pins (PD0 to PD3) 


The information in this document is subject to change without notice. 


39EJ1 V0DS00 (Japan) 
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Ordering Information 


Part number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC-422000F32BA-60 

60 ns 

72-pin Single In-line Memory Module (Socket Type) 
Edge connector: Solder coating(HAL) 

4 pieces of n PD4218165LE 

(400mil SOJ) 

[Single side] 

MC-422000F32BA-70 

70 ns 

MC-422000F32FA-60 

60 ns 

72-pin Single In-line Memory Module (Socket Type) 
Edge connector: Gold plating 

MC-422000F32FA-70 

70 ns 
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Pin Configuration 

72-pin Single In-line Momory Modulo SocEcot Typo (Edgo connector : Solder coating. Gold plating) 



A0-A9 

: Address Inputs 

1/00-1/031 

: Data Inputs/Outputs 

CAS0-CAS3 

: Column Address Strobe 

RAS0-RAS3 

: Row Address Strobe 

WE 

: Write Enable 

Vcc 

: Power Supply 

GND 

: Ground 

NC 

: No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access times. 


Pin 

Pin 

Access Time 

Namo 

No. 

60ns 

70ns 

PDO 

67 

NC 

NC 

PD1 

68 

NC 

NC 

PD2 

69 

NC 

GND 

PD3 

70 

NC 

NC 
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Electrical Specifications 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply Voltage 

Vcc 


-1.0 to +7.0 

V 

Output Current 

la 


50 

mA 

Power Dissipation 

Pd 


4 

W 

Operating Ambient Temperature 

Ta 


0 to +70 

°C 

Storage Temperature 

Tatg 


-55 to +125 

°C 


Caution Exposing tho device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damago. Tho device is not meant to be operated under conditions outsido tho limits 
described in tho operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for oxfondod periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply Voltage 

Vcc 


4.5 

5.0 

5.5 

V 

High Level Input Voltage 

VlH 


2.4 


Vcc +1.0 

V 

Low Level Input Voltage 

VlL 


-1.0 


+0.8 

V 

Operating Ambient Temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input Capacitance 

Cm 

A0- A9 



40 

PF 

02 

WE 



48 

Cl3 

RAS0-RAS3 



22 

Cl4 

CAS0-CAS3 



29 

Data Input/Output Capacitance 

Ci/o 

l/OO - 1/031 



26 

pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC(MIN.) 

lo = 0 mA 

tRAC * 60 ns 


324 

mA 

1,2,3 

tRAC = 70 ns 


304 

Standby current 

ICC2 

RAS, CAS ^ Vm (min.), lo = 0 mA 


8 

mA 


RAS, CAS & Vcc - 0.2 V, lo = 0 mA 


4 

RAS only refresh current 

ICC3 

RAS Cycling 

CAS ^ VlH (MIN.) 
tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


324 

mA 

1, 2,3,4 

tRAC = 70 ns 


304 

Operating current 
(Hyper page mode) 

ICC4 

RAS ^ VlL (MAX) 

CAS Cycling 
tHPC = tHPC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


224 

mA 

1,2,6 

tRAC = 70 ns 


204 

CAS before RAS 
refresh current 

ICC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


324 

mA 

1,2 

tRAC = 70 ns 


304 

Input lonknge curront 

ll (L) 

Vi = 0 to B.B V 

all other pins not under test = 0 V 

-10 

+10 

pA 


Output loakage current 

lo (L) 

Vo = 0 tO B.B V 

Output is disabled (Hi-Z) 

-10 

+10 

pA 


High level outputvoltageLow 

VOH 

lo = -2.B mA 

2.4 


V 


level output voltage 

VOL 

lo = +2.1 mA 


0.4 

V 



Notes 1. Icci, Icc3, Icc4, Ices depend on cycle rates (tRc and tHPc). 

2. Specified values are obtained with outputs unloaded. 

3. Icci and Icc3 are measured assuming that address can be changed once or less during RAS ^ 
Viumax.) and CAS ^ Vihimin.j. 

4. Icc3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc4 is measured assuming that all column address inputs are switched only once during each hyper 
page cycle. 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 


AC Characteristics Test Conditions 
(1) Input timing specification 

VlH (MIN.) = 2.4 V 
VlL (MAX.) = 0.8 V 

tr= 2 ns 



(2) Output timing specification 


VOH (MIN.) = 2.4 V- 


VoL (MAX.) H 0.4 V 

► i i« 

tT = 2 ns 




(3) Loading conditions are 100 pF + 1 TTLs. 


Common to Read, Write Cycle 


Parameter 

Symbol 

tRAc = 60 ns 

tRAC = 70 ns 

Unit 

Notoo 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tRC 

104 

— 

124 

— 

ns 


RAS Precharge Time 

tRP 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCPN 

10 

— 

10 

— 

ns 


ES§ Pulse Width 

tRAS 

60 

10 000 

70 

10 000 

ns 


CAS Pulse Width 

tCAS 

10 

10 000 

12 

10 000 

ns 


RAS Hold Time 

tRSH 

10 

— 

12 

— 

ns 


CAS Hold Time 

tCSH 

40 

— 

50 

— 

ns 


RAS to CAS Delay Time 

tRCD 

14 

45 

14 

52 

ns 

1 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

1 

CAS to FlAS Precharge Time 

tCRP 

5 

— 

5 

— 

ns 

2 

Row Address Setup Time 

tASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRAH 

10 

— 

10 

— 

ns 


Column Address Setup Time 

tASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCAH 

10 

— 

12 

— 

ns 


CAS to Data Setup Time 

tCLZ 

0 

— 

0 

— 

ns 


Transition Time (Rise and Fall) 

tT 

1 

50 

1 

60 

ns 


Refresh Time 

tREF 

— 

16 

— 

16 

ms 
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Notes 1 . For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tAA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX) 

tCAC (MAX) 

tRCD + tCAC (MAX) 


tRADiMAX.} and tRcoiMAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRAD(MAX) and tRCD ^ 
tRCDiMAx.) will not cause any operation problems. 

2. tcRPiMiN.) requirement is applied to RAS, CAS cycles. 


Read Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAc = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Access Time from RAS 

tRAC 

— 

60 

— 

70 

ns 

1 

Access Time from CAS 

tCAC 

— 

16 

— 

18 

ns 

1 

Access Time from Column Address 

tAA 

— 

30 

— 

35 

ns 

1 

Column Address Lead Time Referenced to RAS 

tRAL 

30 

— 

35 

— 

ns 


Read Command Setup Time 

tRCS 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

— 

0 

— 

ns 

2 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

— 

0 

— 

ns 

2 


Notes 1. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tAA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX) 

tCAC (MAX) 

tRCD + tCAC (MAX) 


tRADjMAx.) and tRCD(MAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time Urac, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRAD(MAX) and tRCD ^ 
tRCD (max.) will not cause any operation problems. 

2. Either tRCH(MiN.) or tRRHiMiN.) should be met in read cycles. 
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Write Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

WE Hold Time Referenced to CAS 

tWCH 

10 

— 

10 

— 

ns 


WE Setup Time 

twcs 

0 

— 

0 

— 

ns 

1 

Data-in Setup Time 

tDS 

0 

— 

0 

— 

ns 

2 

Data-in Hold Time 

tDH 

10 

— 

10 

— 

ns 

2 


Notes 1. 


2 . 


If twcs ^ twcsiMiN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 

tos(MiN.) and tDHiMiN.) are referenced to the CAS falling edge in early write cycles. 
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Hyper Page Mode 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tHPC 

25 

— 

30 

— 

ns 

1 

RAS Pulse Width 

tRASP 

60 

125 000 

70 

125000 

ns 


CAS Pulse Width 

tHCAS 

10 

10 000 

12 

10 000 

ns 


CAS Precharge Time 

tCP 

10 

— 

10 

— 

ns 


Access Time from CAS Precharge 

tACP 

— 

35 

— 

40 

ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 

— 

40 

— 

ns 


Data Output Hold Time 

tDHC 

5 

— 

5 

— 

ns 


Output Buffer Turn-off Delay from WE 

tWEZ 

0 

13 

0 

15 

ns 

2,3 

WE Pulse Width 

tWPZ 

10 

— 

10 

— 

ns 

3 

Output Buffer Turn-off Delay from RAS 

tOFR 

0 

13 

0 

15 

ns 

2.3 

Output Buffer Turn-off Delay from CAS 

tOFC 

0 

13 

0 

15 

ns 

2.3 


Notes 1. tHPciMiN.) is appliod to access timo from CAS 

2. toFciMAx.), toFRiMAx.) and twEZ(MAX ) dofine the time when the output achieves the condition of Hi-Z and 
is not referenced to Voh or Vol. 

3. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE as follows. The 
effective specification depends on state of each signal. 

(1) Both RAS and CAS are Inactive (at the end of read cycle) 

WE : inactive 

toFc is effective when RAS is inactivated before CAS is inactivated. 
t oFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are inactive or RAS is active and CAS is inactive(at the end of read cycle) 
WE : active and either tRRH or tRCH must be met*- twEz and twpz is effective. 


Refresh Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

CAS Setup Time 

tCSR 

5 



5 



ns 


CAS Hold Time (CAS before BAS Refresh) 

tCHR 

10 



10 



ns 


BAS Precharge CAS Hold Time 

tRPC 

5 



5 



ns 


WE Hold Time (Hidden Refresh Cycle) 

tWHR 

15 

— 

15 

— 

ns 
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Timing Chart 

Please refer to Timing Chart 3, page 385. 
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«JEC 


CMOS INTEGRATED CIRCUIT 

MC-424000F32 


4 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE (EDO) 


Description 

The MC-424000F32 is a 4,194,304 words by 32 bits dynamic RAM module on which 8 pieces of 
16M DRAM: juPD4217405 are assembled. 

These modules provide hige density and large quantities of memory in a small space without utilizing 
the surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

® Hyper page mode (EDO) 

® 4,194,304 words by 32 bits organization 
® Fast access and cycle time 


Family 

Access time 

R/W cycle time 

Hyper page mode 

Power consumption 
(MAX.) 

(MAX.) 

(MIN.) 

cycle time (MIN.) 

Active 

Standby 

MC-424000F32-60 

60 ns 

104 ns 

25 ns 

4,840 mW 

44 mW 

MC-424000F32-70 

70 ns 

124 ns 

30 ns 

4,400 mW 

(CMOS level input) 


® 2,048 refresh cycle / 32ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 
® 72-pin single in-line memory module (Pin pitch « 1.27 mm) 

• Single +5.0 V ±0.5 V power supply 

• Access time can be distinguished with characteristics of PD-pins (PD0 to PD3) 


The Information In this document to subject to change without notice. 


533EJ1 V0DS00 (Japan) 
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Ordering Information 


Part number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC-424000F32B-60 

60 ns 

72-pin Single In-line Memory Module (Socket Type) 
Edge connector: Solder coating(HAL) 

8 pieces of n PD4217405LA 

(300mil SOJ) 

[Single side] 

MC-424000F32B-70 

70 ns 

MC-424000F32F-60 

60 ns 

72-pin Single In-line Memory Module (Socket Type) 
Edge connector: Gold plating 

MC-424000F32F-70 

70 ns 
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Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector : Solder coating. Gold plating) 



A0-A10 : Address Inputs 

1/00-1/031 : Data Inputs/Outputs 

CAS0-CAS3 : Column Address Strobe 
RAS0,RAS2 : Row Address Strobe 
WE : Write Enable 

Vcc : Power Supply 

GND : Ground 


NC : No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access times. 
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Electrical Specifications 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply Voltage 

Vcc 


-1.0 to +7.0 

V 

Output Current 

lo 


50 

mA 

Power Dissipation 

Pd 


8 

W 

Operating Ambient Temperature 

Ta 


0 to +70 

°C 

Storage Temperature 

Tsto 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply Voltage 

Vcc 


4.5 

5.0 

5.5 

V 

High Level Input Voltage 

VlH 


2.4 


Vcc +1.0 

V 

Low Level Input Voltage 

VlL 


-1.0 


+0.8 

V 

Operating Ambient Temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input Capacitance 

Cn 

A0- A10 



68 

PF 

Cl2 

WE 



76 

Cl 3 

RAS0,RAS2 



43 

Cl4 

CAS0-CAS3 



29 

Data Input/Output Capacitance 

Ci/o 

1/00 - 1/031 



17 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRCIMIN.) 

lo = 0 mA 

tRAC = 60 ns 


880 

mA 

1,2,3 

tRAC =70 ns 


800 

Standby current 

lcC2 

RAS, CAS ^ Vih (min.}, lo = 0 mA 


16 

mA 


RAS, CASSVcc- 0.2 V, lo = 0 mA 


8 

RAS only refresh current 

ICC3 

RAS Cycling 

CAS ^ Vih (min.) 

tRC = tRC (MIN.) 
lo = 0 mA 

tRAC = 60 ns 


880 

mA 

1, 2,3,4 

tRAC = 70 ns 


800 

Operating current 
(Hyper page mode) 

ICC4 

RAS = VlL (MAX.) 

CAS Cycling 

tHPC = tHPC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


720 

mA 

1/2,6 

tRAC = 70 ns 


640 

CAS before RAS 
refresh current 

|CC5 

RAS Cycling 

tRC «= tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


880 

mA 

1,2 

tRAC = 70 ns 


800 

Input leakage current 

ll (L) 

Vi = 0 to 5.S V 

all other pins not under test = 0 V 

-10 

+10 

pA 


Output leakage current 

lo (L) 

Vo * 0 to 5.B V 

Output is disabled (Hi-Z) 

-10 

+10 

pA 


High level output voltageLow 

VoH 

lo = -2.5 mA 

2.4 


V 


level output voltage 

VOL 

lo * +2.1 mA 


0.4 

V 



Notes 


1. Icci r Icc3, Icc4, Ices depend on cycle rates (tRc and tHpe). 

2. Specified values are obtained with outputs unloaded. 

3. Icci and Icc3 are measured assuming that address can be changed once or less during RAS ^ 
Viumax.) and CAS ^ Vihimin.). 

4. Icc3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc4 is measured assuming that all column address inputs are switched only once during each hyper 
page cycle. 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 


AC Characteristics Tost Conditions 

(1) Input timing specification 

VlH (MIN.) = 2.4 V 
VlL (MAX.) = 0.8 V 

tT= 2 ns 



! | 
-t* — 


(2) Output timing specification 

VoH (MIN.) = 2.4 V- 
VoL (MAX.) = 0.4 V 

tT= 2 ns 




(3) Loading conditions are 100 pF + 2 TTLs. 


Common to Road, Writo Cyclo 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notos 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tRC 

104 

— 

124 

— 

ns 


RAS Precharge Time 

tRP 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCPN 

10 

— 

10 

— 

ns 


RAS Pulse Width 

tRAS 

60 

10 000 

70 

10 000 

ns 


CAS Pulse Width 

tCAS 

10 

10 000 

12 

10 000 

ns 


RAS Hold Time 

tRSH 

10 

— 

12 

— 

ns 


CAS Hold Time 

tCSH 

40 

— 

50 

— 

ns 


RAS to CAS Delay Time 

tRCD 

14 

45 

14 

52 

ns 

1 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

1 

CAS to RAS Precharge Time 

tCRP 

5 

— 

5 

— 

ns 

2 

Row Address Setup Time 

tASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRAH 

10 

— 

10 

— 

ns 


Column Address Setup Time 

tASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCAH 

10 

— 

12 

— 

ns 


CAS to Data Setup Time 

tCLZ 

0 

— 

0 

— 

ns 


Transition Time (Rise and Fall) 

tT 

1 

50 

1 

50 

ns 


Refresh Time 

tREF 

— 

16 

— 

16 

ms 
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Notes 1 . For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

t AA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX) 


tRAD{MAx.) and tRCDiMAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (Irac, Xaa or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions Irad ^ Iraqi max.) and tRco ^ 
tRCD(MAX) will not cause any operation problems. 

2. tcRp(MiN.) requirement is applied to RAS, CAS cycles. 


Read Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAc = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Access Time from RAS 

tRAC 

— 

60 

— 

70 

ns 

1 

Access Time from CAS 

tCAC 

— 

16 

— 

18 

ns 

1 

Access Time from Column Address 

tAA 

— 

30 

— 

35 

ns 

1 

Column Address Lead Time Referenced to RAS 

tRAL 

30 

— 

35 

— 

ns 


Read Command Setup Time 

tRCS 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

— 

0 

— 

ns 

2 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

— 

0 

— 

ns 

2 


Notes 1 . For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD Si tRCD (MAX.) 

tAA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX) 

tCAC (MAX) 

tRCD + tCAC (MAX) 


tRADiMAX.) and tRCDiMAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine wh ich access time (tRAc, Xaa or tcAc) is to be used for fi nding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRADiMAX.) and tRCD ^ 
tRCDiMAx.) will not cause any operation problems. 

2. Either tRCH(MiN.) or tRRH(MiN.) should be met in read cycles. 
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Write Cycle 


Parameter 

Symbol 

WE Hold Time Referenced to CAS 

tWCH 

WE Setup Time 

twcs 

Data-in Setup Time 

tDS 

Data-in Hold Time 

tDH 




Notes 1. If twcs ^ twcs(MiN.i, the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 

2. tDstMiN.) and tDHiMiN.) are referenced to the CAS falling edge in early write cycles. 
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Hyper Page Mode 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tHPC 

26 

— 

30 

— 

ns 

1 

RAS Pulse Width 

tRASP 

60 

125 000 

70 

125000 

ns 


CAS Pulse Width 

tHCAS 

10 

10 000 

12 

10 000 

ns 


CAS Precharge Time 

tCP 

10 

— 

10 

— 

ns 


Access Time from CAS Precharge 

tACP 

— 

35 

— 

40 

ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 

— 

40 

— 

ns 


Data Output Hold Time 

tDHC 

5 

— 

5 

— 

ns 


Output Buffer Turn-off Delay from WE 

tWEZ 

0 

13 

0 

15 

ns 

2,3 

WE Pulse Width 

tWPZ 

10 

— 

10 

— 

ns 

3 

Output Buffer Turn-off Delay from RAS 

tOFR 

0 

13 

0 

15 

ns 

2.3 

Output Buffer Turn-off Delay from CAS 

tOFC 

0 

13 

0 

15 

ns 

2.3 


Notes 1. tHPCiMiN.) is applied to access time from CAS 

2. toFC(MA>u, toFRiMAx.) and twEziMAx.) define the time when the output achieves the condition of Hi-Z and 
is not referenced to Voh or Vol. 

3. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE as follows. The 
effective specification deponds on state of each signal. 

(1) Both RAS and CAS are Inactive (at the end of read cycle) 

WE : inactive 

toFc is effectivo when RAS is inactivated before CAS is inactivated. 
t oFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are inactive or RAS is active and CAS is inactive(at the end of read cycle) 
WE : active and either tRRH or tRCH must be met— twEZ and twpz is effective. 


Refresh Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

CAS Setup Time 

tCSR 

5 



5 



ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 



10 

— 

ns 


ftAS Precharge CAS Hold Time 

tRPC 

5 



5 



ns 


WE Hold Time 

tWHR 

15 



15 



ns 


WE Setup Time 

tWSR 

10 

— 

10 

— 

ns 
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Timing Chart 

Please refer to Timing Chart 4, page 397. 
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Package Drawings 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 




ITEM 

MILLIMETERS 

INCHES 

A 

107.95±0.13 

4.250 ±0.006 

B 

101.19*0.13 

3984 3>:8o6 

C 

44.45 

1.750 

D 

6.35 

0.250 

E 

44.45 

1.750 

Q 

.10.16 

0.400 

H 

1 .27 (T.P.) 

0.050 (T.P.) 

1 

6.35 

0.250 

J 

2.03 

0.080 

K 

6.35 

0250 

M 

25.4 

1.000 

N 

5.08 MAX. 

0.200 MAX. 

P 

R1.57 

R0.062 

R 

3.38 ±0.1 3 

o in +0.006 
0133 -0.005 

S 

*3.18 

*0.125 

T 

1 77 + 0*1 
-0.08 

0.050±0.004 

U 

5.5 MIN. 

0216 MIN. 

V 

0.25 MAX. 

0.010 MAX. 

w 

1 .04 ±0.05 

0.041 ±0.002 

X 

2.54 MIN. 

0.100 MIN. 


M72B-50A54 


138 










PRELIMINARY DATA SHEET 



CMOS INTEGRATED CIRCUIT 

SVIC-428000F32 


8 M-WORD BY 32-BBT DYNAMIC RAM MODULE 
HYPER PAGE MODE (EDO) 


Description 

The MC-428000F32 Is a 8,388,608 words by 32 bits dynamic RAM module on which 16 pieces of 
16M DRAM: pPD42 17405 are assembled. 

These modules provide hige density and large quantities of memory in a small space without utilizing 
the surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

q Hyper page mode (EDO) 
o 8,388,608 words by 32 bits organization 
o Fast access and cycle time 


Family 

Access time 

R/W cycle time 

Hyper page mode 

Power consumption 
(MAX.) 

(MAX.) 

(MIN.) 

cycle time (MIN.) 

Active 

Standby 

MC-428000F32-60 

60 ns 

104 ns 

25 ns 

5,170 mW 

88 mW 



124 ns 

30 no 

4,730 mW 

(CMOS level input) 


o 2,048 refresh cycle / 32ms 

o CAS before RAS refresh, RAS only refresh, Hidden refresh 
© 72-pin single in-line memory module {Pin pitch <= 1.27 mm) 
o Single +5.0 V ±0.5 V power supply 

© Access time can be distinguished with characteristics of PD-pins (PD0 to PD3) 


Tho Information in this document b subject to change without notice. 


534EJ1 V0DS00 (Japan) 
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Ordering Information 


Part number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC-428000F32B-60 

60 ns 

72-pin Single In-line Memory Module (Socket Type) 
Edge connector: Solder coating(HAL) 

16 pieces of n PD4217405LA 

(300mil SOJ) 

[Single side] 

MC-428000F32B-70 

70 ns 

MC-428000F32F-60 

60 ns 

72-pin Single In-line Memory Module (Socket Type) 
Edge connector: Gold plating 

MC-428000F32F-70 

70 ns 
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Pin Configuration 


72-pin Single In-line Memory Module Socket Type (Edge connector : Solder coating. Gold plating) 


H 


£A£I 

RASQ 

RAS1 

& 

NC 

1/08 

1/024 

1/09 

1/025 

1/010 

1/026 

1/011 

1/027 

1/012 

1/028 

Vcc 

1/029 

1/013 

1/030 

1/014 

1/031 

1/015 

NC 

PDO 

PD1 

PD2 

PD3 

NC 

GND 


O 


O 


A0-A10 

1/00-1/031 

CAS0-CAS3 

RAS0RAS3 

WE 

Vcc 

GND 

NC 


: Address Inputs 
: Data Inputs/Outputs 
: Column Address Strobe 
: Row Address Strobe 
: Write Enable 
: Power Supply 
: Ground 
: No connection 


The internal connection of PD pins (PDO to PD3) 
depends on access times. 


Pin 

Pin 

Access Time 

Name 

No. 

60ns 

70ns 

PDO 

67 

NC 

NC 

PD1 

68 

GND 

GND 

PD2 

69 

NC 

GND 

PD3 

70 

NC 

NC 
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Block Diagram 
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Electrical Specifications 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply Voltage 

Vcc 


-1.0 to +7.0 

V 

Output Current 

lo 


50 

mA 

Power Dissipation 

Pd 


16 

W 

Operating Ambient Temperature 

Ta 


0 to +70 

°C 

Storage Temperature 

Tatfl 


-55 to +125 

°c 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply Voltage 

Vcc 


4.5 

5.0 

5.5 

V 

High Level Input Voltage 

VlH 


2.4 


Vcc +1.0 

V 

Low Level Input Voltage 

VlL 


-1.0 


+0.8 

V 

Operating Ambient Temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input Capacitance 

Cn 

A0- A10 



121 

pF 

Cl 2 

WE 



137 

Cl3 

RAS0-RAS3 



48 

Cl4 

CASO - CAS3 



48 

Data Input/Output Capacitance 

Cl/O 

1/00 - 1/031 



29 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC(MIN.) 

lo = 0 mA 

tRAC = 60 ns 


940 

mA 

1,2,3 

tRAC = 70 ns 


860 

Standby current 

lcC2 

RAS, CAS ^ Vih (min.), lo = 0 mA 


32 

mA 


RAS, CAS £ Vcc - 0.2 V, lo = 0 mA 


16 

RAS only refresh current 

ICC3 

RAS Cycling 

CAS ^ Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


940 

mA 

1, 2,3,4 

tRAC = 70 ns 


860 

Operating current 
(Hyper page mode) 

ICC4 

RAS = Vimmax.) 

CAS Cycling 

tHPC = tHPC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


780 

mA 

1,2,5 

tRAC = 70 ns 


700 

CAS before RAS 
refresh current 

ICC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


940 

mA 

1,2 

tRAC = 70 ns 


860 

Input leakage current 

ll (L) 

Vi = 0 to 6.5 V 

all other pins not under test = 0V 

-10 

+10 

pA 


Output leakage current 

lo (L) 

Vo = 0 to 5.6 V 

Output is disabled (Hi-Z) 

-10 

+10 

AiA 


High level output voltngoLow 

VoH 

lo = -2.5 mA 

2.4 


V 


level output voltage 

VOL 

lo = +2.1 mA 


0.4 

V 



Notes 1. 
2 . 

3 . 

4 . 

5 . 


Icci, Icc3, Icc4, Ices depend on cycle rates (tRC and tHpe). 

Specified values are obtained with outputs unloaded. 

Icci and Icc3 are measured assuming that address can be changed once or less during RAS g 
Vimmax.) and CAS ^ Vihimin.i. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each hyper 
page cycle. 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 


AC Characteristics Test Conditions 
(1) Input timing specification 

VlH (MIN.) = 2.4 V- 
VlL (MAX.) =0.8V- 

— *>; — 
tT= 2 ns 



(2) Output timing specification 


VoH (MIN.) = 2.4 V- 


VoL (MAX.) = 0.4 V 


— VT p. 

tT= 2 ns 




(3) Loading conditions are 100 pF + 2 TTLs. 


Common to Read, Writo Cycle 


Parameter 

Symbol 

tnAc - 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tRC 

104 

— 

124 

— 

ns 


RAS Precharge Time 

tm j 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCf’N 

10 

— 

10 

— 

ns 


RAS Pulse Width 

tRAS 

60 

10 000 

70 

10 000 

ns 


CAS Pulse Width 

tCAS 

10 

10 000 

12 

10 000 

ns 


RAS Hold Time 

tRSH 

10 

— 

12 

— 

ns 


CAS Hold Time 

tCSH 

40 

— 

50 

— 

ns 


RAS to CAS Delay Time 

tRCD 

14 

45 

14 

52 

ns 

1 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

1 

CAS to RAC Precharge Time 

tCRP 

5 

— 

5 

— 

ns 

2 

Row Address Setup Time 

tASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRAH 

10 

— 

10 

— 

ns 


Column Address Setup Time 

tASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCAH 

10 

— 

12 


ns 


CAS to Data Setup Time 

tCLZ 

0 

— 

0 

- - 

— 

ns 


Transition Time (Rise and Fall) 

tT 

1 

50 


50 

ns 


Refresh Time 

tREF 

— 

16 

— 

16 

ms 
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Notes 1. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD tRAD (MAX.) and tRCD tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRADiMAX.) and tRCDiMAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRAD(MAX) and tRco ^ 
tRCDiMAx.) will not cause any operation problems. 

2. tCRP(MiN.» requirement is applied to RAS, CAS cycles. 


Read Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Access Time from RAS 

tRAC 

— 

60 

— 

70 

ns 

1 

Access Time from CAS 

tCAC 

— 

15 

— 

18 

ns 

1 

Access Time from Column Address 

tAA 

— 

30 

— 

35 

ns 

1 

Column Address Lead Timo Roferenced to RAS 

tRAL 

30 

— 

35 

— 

ns 


Read Command Setup Time 

tRCS 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

— 

0 

— 

ns 

2 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

— 

0 

— 

ns 

2 


Notes 1. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD S tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD % tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX) 


tRADtMAx.) and tRCD(MAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD tRAD(MAX) and tRCD ^ 
tRCDiMAx.) will not cause any operation problems. 

2. Either tRCHtMiN.) or tRRH(MiN.) should be met in read cycles. 
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Write Cycle 


Parameter 



tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

WE Hold Time Referenced to CAS 

tWCH 

10 

— 

10 

— 

ns 


WE Setup Time 

twcs 

0 

— 

0 

— 

ns 

n 

Data-in Setup Time 

tDS 

0 

— 

0 

— 

ns 

2 

Data-in Hold Time 

tDH 

10 

— 

10 

— 

ns 

2 


Notes 1. 


2 . 


If twcs ^ twcsiMiN.j, the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 

tostMiN.) and tDHiMiN.) are referenced to the CAS falling edge in early write cycles. 
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Hyper Page Mode 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tHPC 

25 

— 

30 

— 

ns 

1 

RAS Pulse Width 

tRASP 

60 

125 000 

70 

125000 

ns 


CAS Pulse Width 

tHCAS 

10 

10 000 

12 

10 000 

ns 


CAS Precharge Time 

tCP 

10 

— 

10 

— 

ns 


Access Time from CAS Precharge 

tACP 

— 

35 

— 

40 

ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 

— 

40 

— 

ns 


Data Output Hold Time 

tDHC 

5 

— 

5 

— 

ns 


Output Buffer Turn-off Delay from WE 

tWEZ 

0 

13 

0 

15 

ns 

2,3 

WE Pulse Width 

tWPZ 

10 

— 

10 

— 

ns 

3 

Output Buffer Turn-off Delay from RAS 

tOFR 

0 

13 

0 

15 

ns 

2.3 

Output Buffer Turn-off Delay from CAS 

tOFC 

0 

13 

0 

15 

ns 

2.3 


Notes 1. tHPciwiN.) is applied to access time from CAS 

2. toFC(MAX), toFRiMAX.) and twHZ(MAX ) define the time when the output achieves the condition of Hi-Z and 
is not referenced to Voh or Vol. 

3. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE as follows. The 
effective specification depends on state of each signal. 

(1) Both RAS and CAS are Inactive (at the end of read cycle) 

WE : inactive 

toFc is effective when RAS is inactivated before CAS is inactivated. 
t oFR i s effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are inactive or RAS is active and CAS is inactive(at the end of read cycle) 
WE : active and either tRRH or tRCH must be met— twEZ and twpz is effective. 


Refresh Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

CAS Setup Time 

tCSR 

5 



5 



ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 



10 



ns 


RAS Precharge CAS Hold Time 

tRPC 

5 



5 



ns 


WE Hold Time 

tWHR 

15 



15 



ns 


WE Setup Time 

tWSR 

10 

— 

10 

— 

ns 
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Timing Chart 

Please refer to Timing Chart 4, page 397. 
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Small Outline DIMM 




DATA SHEET 



MOS INTEGRATED CIRCUIT 

MC-42S1000LAD32S SERIES 


1 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 

FAST PAGE MODE 


Description 

The MC-42S1000LAD32S series is a 1,048,576 words by 32 bits dynamic RAM module (Small Outline DIMM) 
on which 2 pieces of 16 M DRAM: £iPD42S18160L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 1,048,576 words by 32 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

MC-42S1000LAD32S-A60 

60 ns 

110 ns 

1,080 mW 

1.08 mW 
(CMOS level input) 

MC-42S1 000LAD32S-A70 

70 ns 

130 ns 

1,008 mW 

MC-42S 1 000LAD32S-A80 

80 ns 

150 ns 

936 mW 


• 1,024 refresh cycles/128 ms 

• 72-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 


The information in this document is subject to change without notice. 


C-3449 (Japan) 
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Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

M C-42S 1 000LAD32SA-A60 

60 ns 

72-pin Dual In-line Memory Module 

2 pieces of jzPD42S18160LG5 

MC-42S1 000LAD32S A- A70 

70 ns 

(Socket Type) 

(400 mil TSOP (II)) 

MC-42S1 000LAD32S A-A80 

80 ns 

Edge connector: Gold plating 

[Single side] 
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Pin Configuration 


72-pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 



1/00 

1/02 

1/04 

1/06 

Vcc 

AO 

A2 

A4 

A6 

NC 

1/09 

1/011 

1/013 

A7 

Vcc 


A9 

RAS2 

NC 


1/017 


CASO 

CAS3 

RASO 

NC 

NC 

1/019 

1/021 

1/023 

1/024 

1/026 

1/027 

1/029 

1/031 

PD2 

PD4 

PD6 

GND 



AO- A9 

: Address Inputs 

1/00 - 1/031 

: Data Inputs/Outputs 

RASO, RAS2 

: Row Address Strobe 

CASO - CAS3 

: Column Address Strobe 

WE 

: Write Enable 

PD1 - PD7 

: Presence Detect Pins 

Vcc 

: Power Supply 

GND 

: Ground 

NC 

: No connection 


The internal connection of PD pins (PD1 to PD7). 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

PD1 

11 

NC 

NC 

NC 

PD2 

66 

GND 

GND 

GND 

PD3 

67 

GND 

GND 

GND 

PD4 

68 

NC 

NC 

NC 

PD5 

69 

NC 

GND 

NC 

PD6 

70 

NC 

NC 

GND 

PD7 

71 

GND 

GND 

GND 
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MC-42S1000LAD32S SERIES 


Electrical Specifications Notes 1f 2 

Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-0.5 to +4.6 

V 

Supply voltage 

Vcc 


-0.5 to +4.6 

V 

Output current 

lo 


20 

mA 

Power dissipation 

Pd 


2 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


3.0 

3.3 

3.6 

V 

High level input voltage 

VlH 


2.0 


Vcc + 0.3 

V 

Low level input voltage 

VlL 


-0.3 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

# C 


Capacitance (Ta = 25 # C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cm 

A0- A9 



29 



Cl2 

WE 



29 

PF 


Cl3 

RAS0, RAS2 



23 


Cl4 

CAS0-CAS3 



17 


Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



12 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRAc = 60 ns 


300 





tRC a* tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


280 

mA 

3, 4, 7 



tRAc = 80 ns 


260 



Standby current 

lcC2 

RAS, CAS > Vih (min.) 

lo = 0 mA 


1.0 

mA 




RAS, CAS > Vcc - 0.2 V 

lo = 0 mA 


0.3 


RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


300 





CAS > Vih <min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


280 

mA 

3, 4, 5, 7 



tRAc = 80 ns 


260 



Operating current 

ICC4 

RAS < Vikmax.), CAS Cycling 

tRAc = 60 ns 


180 



(Fast page modo) 


tPC = tPC (MIN.) 

tRAc = 70 ns 


160 

mA 

CO 

o> 



lo = 0 mA 

tRAc = 80 ns 


140 



CAS beforo RAS 

ICC5 

RAS Cycling 

W 

c 

o 

CO 

II 

< 


300 



rofrosh current 


tRC = tRC (MIN.) 

tRAc = 70 ns 


280 

mA 

3, 4 



lo = 0 mA 

tRAc = 80 ns 


260 



CAS before RAS 
long refresh current 

Iccc 

CAS beforo RAS refresh: 
tnc =125.0 /ts 

RAS, CAS : 

Vcc -0.2 V <, Vih < Vih (max.) 

0 V S Vil < 0.2 V 
Standby: 

RAS, CAS > Vcc -0.2 V 
Address : Vm or Vil 

WE : Vih 

lo = 0 mA 

tRAS < 1 /iS 


360 

HA 

3, 4 

CAS before RAS 

self refresh current 

ICC7 

RAS, CAS: 

tRAss = 5 ms 

Vcc -0.2 V < Vih ^ Vih (max.) 

0 V < Vil < 0.2 V 
lo = 0 mA 


300 

V* 

4 

Input leakage current 

ll(L) 

Vi = 0 to 3.6 V 

All other pins not under test = 

= 0 V 

-5 

+5 

HA 


Output leakage current 

lo (L) 

Vo = 0 to 3.6 V 

Output is disabled (Hi-Z) 

-5 

+5 

HA 


High level output voltage 

VoH 

lo = -2.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.0 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 


Parameter 

Symbol 

tRAC 

= 60 ns 

tRAC 

= 70 ns 

tRAC 

= 80 ns 


Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

unit 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


20 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

13 

0 

15 

0 

15 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

20 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 


40 


45 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

Data-in Setup Time 

tos 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


RAS Pulse Width (CAS before RAS Self Refresh) 

tRASS 

100 


100 


100 


/iS 


RAS Precharge Time (CAS before RAS Self Refresh) 

tRPS 

110 


130 


150 


ns 


CAS Hold Time (CAS before RAS Self Refresh) 

tCHS 

-50 


-50 


-50 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


128 


128 


128 

ms 
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Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 /is and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4, Ices and Icc6 depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


Vih (min) = 2.0 V 
Vil (max) = 0.8 V 




tT = 5 ns 


tT = 5 ns 


(2) Output timing specification 

VOH (MIN.) = 2.0 V 

VOL (MAX) = 0.8 V 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from HAS 

tRAD ^ tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD £ tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRCD (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tCAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not 
referenced to Voh or Vol. 

13. teRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH (min.) should be met in read cycles. 

15. In early write cycles, twcH (min.) should be met. 

16. tDS (min.) and tDH <min.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 
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Timing Chart 

Please refer to Timing Chart 5, page 409. 









DATA SHEET 



MOS INTEGRATED CIRCUIT 

MC-42S2000LAB32S SERIES 


2 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 

FAST PAGE MODE 


Description 

The MC-42S2000LAB32S series is a 2,097,1 52 words by 32 bits dynamic RAM module (Small Outline DIMM) 
on which 4 pieces of 16 M DRAM: /zPD42S17800L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 2,097,152 words by 32 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

MC-42S2000LAB32S-A60 

60 ns 

110 ns 

1,440 mW 

2.16 mW 
(CMOS level input) 

MC-42S2000LAB32S-A70 

70 ns 

130 ns 

1,296 mW 

MC-42S2000LAB32S-A80 

80 ns 

150 ns 

1,152 mW 


• 2,048 refresh cycles/128 ms 

• 72-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 


Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-42S2000LAB32SA-A60 

60 ns 

72-pin Dual In-line Memory Module 

4 pieces of /xPD42S17800LG5 

MC-42S2000LAB32SA-A70 

70 ns 

(Socket Type) 

(400 mil TSOP (II)) 

MC-42S2000LAB32SA-A80 

80 ns 

Edge connector: Gold plating 

[Single side] 


The information in this document is subject to change without notice. 


M 1 0054EJ3V0DS00 (Japan) 
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Pin Configuration 


72 -pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 



1/00 

1/02 

1/04 

1/06 

Vcc 

AO 

A2 

A4 

A6 

NC 

1/09 

1/011 

1/013 

A7 



AO - A10 

: Address Inputs 

1/00 - 1/031 

: Data Inputs/Outputs 

RASO, RAS2 

: Row Address Strobe 

CASO - CAS3 

: Column Address Strobe 

WE 

: Write Enable 

PD1 - PD7 

: Presence Detect Pins 

Vcc 

: Power Supply 

GND 

: Ground 

NC 

: No connection 


The internal connection of PD pins (PD1 to PD7) 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

PD1 

11 

GND 

GND 

GND 

PD2 

66 

NC 

NC 

NC 

PD3 

67 

GND 

GND 

GND 

PD4 

68 

NC 

NC 

NC 

PD5 

69 

NC 

GND 

NC 

PD6 

70 

NC 

NC 

GND 

PD7 

71 

GND 

GND 

GND 
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MC-42S2000LAB32S SERIES 


Electrical Specifications Notes ^ 2 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-0.5 to +4.6 

V 

Supply voltage 

Vcc 


-0.5 to +4.6 

V 

Output current 

lo 


20 

mA 

Power dissipation 

Pd 


4 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


3.0 

3.3 

3.6 

V 

High level input voltage 

VlH 


2.0 


Vcc + 0.3 

V 

Low level input voltage 

VlL 


-0.3 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - A10 



35 

pF 


Cl2 

WE 



43 



Cl3 

RAS0, RAS2 



30 



Cl4 

CAS0 - CAS3 



17 


Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



12 

pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRAc = 60 ns 


400 

mA 

3, 4, 7 



tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


360 





tRAc = 80 ns 


320 



Standby current 

ICC2 

RAS, CAS > Vih (min.) 

lo = 0 mA 


2.0 

mA 




RAS, CAS > Vcc - 0.2 V 

lo = 0 mA 


0.6 



RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


400 

mA 

3, 4, 5, 7 



CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


360 





tRAc = 80 ns 


320 



Operating current 

ICC4 

RAS < Vil (max.), CAS Cycling 

tRAc = 60 ns 


280 

mA 

3, 4, 6 

(Fast page mode) 


tPC = tPC (MIN.) 

tRAc = 70 ns 


240 





lo = 0 mA 

tRAc = 80 ns 


200 



CAS before RAS 

1 CC5 

RAS Cycling 

tRAc = 60 ns 


400 

mA 

3, 4 

refresh current 


tRC = tRC (MIN.) 

tRAc = 70 ns 


360 





lo = 0 mA 

tRAc = 80 ns 


320 



CAS before RAS 
long refresh current 

ICC6 

CAS before RAS refresh: 

tRC = 62.5 fis 

RAS, CAS : 

Vcc -0.2 V < Vih < Vih (max.) 

0 V < Vil < 0.2 V 

Standby: 

RAS, CAS > Vcc -0.2 V 

Address : Vih or Vil 

WE : Vih 

lo = 0 mA 

tRAS < 1 JUS 


800 

M 

3, 4 

CAS before RAS 

self refresh current 

ICC7 

RAS, CAS: 

tRASs = 5 ms 

Vcc -0.2 V < Vih < Vih (max.) 

0 V < Vil < 0.2 V 

lo = 0 mA 


600 

HA 

4 

Input leakage current 

ll (L) 

Vi = 0 to 3.6 V 

All other pins not under test 

0 V 

-5 

+5 

HA 


Output leakage current 

lo<L) 

Vo = 0 to 3.6 V 

Output is disabled (Hi-Z) 

-5 

+5 

fiA 


High level output voltage 

VoH 

lo = -2.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.0 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 ' 9 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


18 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

13 

0 

15 

0 

15 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tnpc 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRMCP 

35 


40 


45 


ns 


Row Address Setup Time 

tAsn 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twes 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


RAS Pulse Width (CAS before RAS Self Refresh) 

tRASS 

100 


100 


100 


US 


RAS Precharge Time (CAS before RAS Self Refresh) 

tRPS 

110 


130 


150 


ns 


CAS Hold Time (CAS before RAS Self Refresh) 

tCHS 

-50 


-50 


-50 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


128 


128 


128 

ms 
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Notes 


1. All voltages are referenced to GND. 

2. After power up, wait more than 100 ns and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4, Ices and Icc6 depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih(min.>. 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


VlH (MIN) = 2.0 V 
Vil (max) = 0.8 V — 

(2) Output timing specification 



tT = 5 ns tT = 5 ns 


VOH (MIN.) = 2.0 V 
VoL (MAX.) = 0.8 V 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRco (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD(MAx.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. toFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not 
referenced to Voh or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH (min.) should be met in read cycles. 

15. In early write cycles, twcruMiN.) should be met. 

16. tDs (min.) and tDH <min.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 
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Timing Chart 

Please refer to Timing Chart 6, page 419. 



Package Drawing 


72PIN DUAL IN-LINE MODULE (SOCKET TYI 




MC-42S2000LAB32S SERIES 
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DATA SHEET 



MOS INTEGRATED CIRCUIT 

MC-42S2000LAD32S SERIES 


2 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 

FAST PAGE MODE 


Description 

The MC-42S2000LAD32S series is a 2,097,1 52 words by 32 bits dynamic RAM module (Small Outline DIMM) 
on which 4 pieces of 16 M DRAM: /zPD42S18160L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 2,097,152 words by 32 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-42S2000LAD32S-A60 

60 ns 

110 ns 

1,083.6 mW 

2.16 mW 
(CMOS level input) 

MC-42S2000LAD32S-A70 

70 ns 

130 ns 

1,011.6 mW 

MC-42S2000LAD32S-A80 

80 ns 

150 ns 

939.6 mW 


• 1,024 refresh cycles/128 ms 

• 72-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 


The information in this document is subject to change without notice. 


IC-3461 (Japan) 
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Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

M C-42S2000LAD32S A- A60 

60 ns 

72-pin Dual In-line Memory Module 

4 pieces of /zPD42S18160LG5 

MC-42S2000LAD32SA-A70 

70 ns 

(Socket Type) 

(400 mil TSOP (II)) 

MC-42S2000LAD32SA-A80 

80 ns 

Edge connector: Gold plating 

[Double side] 
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Pin Configuration 

72-pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 



1/00 

1/02 

1/04 

1/06 

Vcc 

AO 

A2 

A4 

A6 

NC 

1/09 

1/011 

1/013 

A7 

Vcc 

A9 

RAS2 

NC 

1/017 

CASO 

CAS3 

RASO 

NC 

NC 

1/019 

1/021 

1/023 

1/024 

1/026 

1/027 

1/029 

1/031 

PD2 

PD4 

PD6 

GND 



AO - A9 

Address Inputs 

1/00 - 1/031 

Data Inputs/Outputs 

RASO - RAS3 

Row Address Strobe 

CASO - CAS3 

Column Address Strobe 

WE 

Write Enable 

PD1 - PD7 

Presence Detect Pins 

Vcc 

Power Supply 

GND 

Ground 

NC 

No connection 


The internal connection of PD pins (PD1 - PD7). 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

PD1 

11 

NC 

NC 

NC 

PD2 

66 

GND 

GND 

GND 

PD3 

67 

GND 

GND 

GND 

PD4 

68 

GND 

GND 

GND 

PD5 

69 

NC 

GND 

NC 

PD6 

70 

NC 

NC 

GND 

PD7 

71 

GND 

GND 

GND 
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Block Diagram 


WEO- 
RASOO- 
CAST o- 
CASOO- 


1/00 O- 

1/01 cx 
1/02 0 
1/03 o 


1/04 0- 
1/05 0— 
1/06 O— 
1/07 O— 
1/08 0— 
1/09 0— 


1/010 0 
1/011 O 
1/012 0 
1/013 0 
1/014 O 
1/015 0 


RAS2 0 
CAS30 
CAS2 0 


1/016 0 
1/017 0 
1/018 0 
1/019 0 
1/020 O 

1/021 o 

1/022 O 

1/023 o 


1/024 O 
1/025 o 
1/026 o 
1/027 o 
1/028 o 
1/029 o 
1/030 O 
1/031 O 


LCAS UCAS RAS WE 


1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

1/08 

1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 


DO 


OE 


777- 


LCAS UCAS RAS WE 


1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

1/08 

1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 


D1 


OE 


a 


-ORAS1 


LCAS UCAS RAS WE 


1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

1/08 

1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 


D2 


0E 

777 " 


-ORAS3 


LCAS UCAS RAS WE 


1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

1/08 

1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 


D3 


0E 


a 


A0-A9 o- 


Vcc 0- 


GNDO- 

Remark D0-D3 : /iPD42S18160LG5 (TSOP (II)) 


: co-C3 


D0-D3 
D0-D3 
• D0-D3 
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Electrical Specifications Notes 1f 2 

Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-0.5 to +4.6 

V 

Supply voltage 

Vcc 


-0.5 to +4.6 

V 

Output current 

lo 


20 

mA 

Power dissipation 

Pd 


8 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

T stg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


3.0 

3.3 

3.6 

V 

High level input voltage 

VlH 


2.0 


Vcc + 0.3 

V 

Low level input voltage 

VlL 


-0.3 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cm 

A0- A9 



35 



Cl2 

WE 



43 

PF 


Cl3 

RAS0 - RAS3 



23 


C 1 4 

CAS0 - CAS3 



24 


Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



19 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


301 

mA 

3, 4, 7 

tRAc = 70 ns 


281 

tRAc = 80 ns 


261 

Standby current 

ICC2 

RAS, CAS > ViHtMiN.) lo = 0 mA 


2.0 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


0.6 

RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


301 

mA 

3, 4, 5, 7 

CAS > VlH (MIN.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


281 

tRAc = 80 ns 


261 

Operating current 
(Fast page mode) 

ICC4 

RAS < Vil (max.), CAS Cycling 

tPC = tPC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


181 

mA 

3, 4, 6 

tRAc = 70 ns 


161 

tRAc = 80 ns 


141 

CAS before RAS 

rofrosh current 

ICC5 

RAS Cycling 

tnc = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


301 

mA 

3, 4 

tRAc = 70 ns 


281 

tRAc = 80 ns 


261 

CAS before RAS 
long refresh current 

ICC6 

CAS before RAS refresh: 
tnc = 125.0 /is 

RAS, CAS : 

VCC -0.2 V < VlH < VlH (MAX.) 

0 V < Vil < 0.2 V 
Standby: 

RAS, CAS > Vcc -0.2 V 
Address : Vm or Vil 

WE: Vih 

lo = 0 mA 

tRAS < 1 [IS 


720 

M 

3, 4 

CAS before RAS 

self refresh curront 

ICC7 

RAS, CAS: 

tRAss = 5 ms 

VCC -0.2 V < VlH < VlH (MAX.) 

0 V < Vil < 0.2 V 
lo = 0 mA 


600 

MA 

4 

Input leakage current 

ll (L) 

Vi = 0 to 3.6 V 

All other pins not under test = 0 V 

-5 

+5 

HA 


Output leakage current 

lo (L) 

Vo = 0 to 3.6 V 

Output is disabled (Hi-Z) 

-5 

+5 

M 


High level output voltage 

VoH 

lo = -2.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.0 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 


Parameter 

Symbol 

tRAC 

= 60 ns 

tRAC 

= 70 ns 

tRAC 

= 80 ns 


Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

unit 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


20 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

13 

0 

15 

0 

15 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

20 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 


40 


45 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 

' 

0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


RAS Pulse Width (CAS before RAS Self Refresh) 

tRASS 

100 


100 


100 


AS 


RAS Precharge Time (CAS before RAS Self Refresh) 

tRPS 

110 


130 


150 


ns 


CAS Hold Time (CAS before RAS Self Refresh) 

tCHS 

-50 


-50 


-50 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


128 


128 


128 

ms 
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Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 /is and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4, Icc5 and Icc6 depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


Vih (min.) = 2.0 V 
Vil (max.) = 0.8 V 


(2) Output timing specification 

VoM (MIN.) = 2.0 V — 
VoL (MAX) ~ 0.8 V — 


tT = 5 ns tr = 5 ns 




10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD ( max.) and tRCD ( max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. toFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not 
referenced to Voh or Vol. 

13. tCRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH <min.) should be met in read cycles. 

15. In early write cycles, twcH(MiN.) should be met. 

16. tDs (min.) and tDH <min.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 


180 





Timing Chart 

Please refer to Timing Chart 5, page 409. 
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Package Drawing 

72 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 


A 






ITEM 

MILLIMETERS 

INCHES 

A 

59.69±0.1 3 

2.3510.006 

C 

44.45 

1.750 

F 

8.255 

0.325 

H 

1.27 (T.P.) 

0.050 (T.P.) 

1 

7.62 

0.300 

J 

2.0 

0.079 

K 

3.18 

0.125 

L 

17.78 

0.700 

M 

25.4 

1.000 

N 

3.8 MAX. 

0.150 MAX. 

P 

R2.0 

R0.079 

Q 

R2.0 

R0.079 

R 

4.0±0.1 

n i C7+0.005 
°- 157 -0.004 

S 

01.8 

00.071 

T 

1.010.1 

U.Uo 9 _o 004 

U 

3.18 MIN. 

0.125 MIN. 

V 

0.25 MAX. 

0.010 MAX. 

w 

1.010.05 

0 nqq+0.003 

U.U 39 _ 0 002 

X 

2.54 MIN. 

0.100 MIN. 

Y 

2.0 MIN. 

0.078 MIN. 

z 

2.0 MIN. 

0.078 MIN. 


M72S-50A3 
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DATA SHEET 



MOS INTEGRATED CIRCUIT 

MC-42S4000LAB32S SERIES 


4 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 

FAST PAGE MODE 


Description 

The MC-42S4000LAB32S series is a 4,194,304 words by 32 bits dynamic RAM module (Small Outline DIMM) 
on which 8 pieces of 16 M DRAM: /xPD42S17800L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 4,194,304 words by 32 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-42S4000LAB32S-A60 

60 ns 

110 ns 

1,458 mW 

4.32 mW 
(CMOS level input) 

MC-42S4000LAB32S-A70 

70 ns 

130 ns 

1,314 mW 

MC-42S4000LAB32S-A80 

80 ns 

150 ns 

1,170 mW 


• 2,048 refresh cycles/128 ms 

• 72-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 


Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-42S4000LAB32SA-A60 

60 ns 

72-pin Dual In-line Memory Module 

8 pieces of /iPD42S17800LG5 

MC-42S4000LAB32SA-A70 

70 ns 

(Socket Type) 

(400 mil TSOP (II)) 

MC-42S4000LAB32SA-A80 

80 ns 

Edge connector: Gold plating 

[Double side] 


The information in this document is subject to change without notice. 


Ml 0055EJ3V0DS00 (Japan) 
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Pin Configuration 

72-pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 



AO - A10 

: Address Inputs 

1/00 - 1/031 

: Data Inputs/Outputs 

RASO - RAS3 

: Row Address Strobe 

CASO - CAS3 

: Column Address Strobe 

WE 

: Write Enable 

PD1 - PD7 

: Presence Detect Pins 

Vcc 

: Power Supply 

GND 

: Ground 

NC 

: No connection 



The internal connection of PD pins (PD1 to PD7). 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

PD1 

11 

GND 

GND 

GND 

PD2 

66 

NC 

NC 

NC 

PD3 

67 

GND 

GND 

GND 

PD4 

68 

GND 

GND 

GND 

PD5 

69 

NC 

GND 

NC 

PD6 

70 

NC 

NC 

GND 

PD7 

71 

GND 

GND 

GND 
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Block Diagram 


RASO 

CASO 

WE 


1/00 

1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

CAS1 

1/08 

1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

RAS2 

CAS2 

1/016 

1/017 

1/018 

1/019 

1/020 

1/021 

1/022 

1/023 

CAS3 

1/024 

1/025 

1/026 

1/027 

1/028 

1/029 

1/030 

1/031 



AO-AIOO 


► D0-D7 

Vcc O 

GND O 

zjz C0-C7 

^ D0-D7 

► D0-D7 


Remark D0-D7 : jtiPD42S17800LG5 (TSOP (II)) 
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Electrical Specifications Notes 1 » 2 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-0.5 to +4.6 

V 

Supply voltage 

Vcc 


-0.5 to +4.6 

V 

Output current 

lo 


20 

mA 

Power dissipation 

Pd 


8 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specif ication. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


3.0 

3.3 

3.6 

V 

High level input voltage 

VlH 


2.0 


Vcc + 0.3 

V 

Low level input voltage 

VlL 


-0.3 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0-A10 



55 

pF 

Cl2 

WE 



71 

Cl3 

RAS0 - RAS3 



30 

Cl4 

CAS0 - CAS3 



24 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



19 

pF 
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MC-42S4000LAB32S SERIES 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRAc = 60 ns 


405 

mA 

3, 4, 7 



tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


365 





tRAc = 80 ns 


325 



Standby current 

ICC2 

RAS, CAS > Vih (min.) 

lo = 0 mA 


4.0 

mA 




RAS, CAS > Vcc - 0.2 V 

lo = 0 mA 


1.2 



RAS only refresh current 

ICC3 

RAS Cycling 

tnAC = 60 ns 


405 

mA 

3, 4, 5, 7 



CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

t«AC = 70 ns 


365 





t»AC = 80 ns 


325 



Operating current 

ICC4 

RAS < Vil (max.), CAS Cycling 

tiiAC " 60 ns 


285 

mA 

3, 4, 6 

(Fast page mode) 


tPC = tPC (MIN.) 

tiiAc ^ 70 ns 


245 





lo = 0 mA 

t m ac ‘i 00 ns 


205 



CAS before RAS 

ICC5 

RAS Cycling 

tiiAc m 60 ns 


405 

mA 

3, 4 

refresh current 


tRC = tRC (MIN.) 

tiiAc < 70 ns 


365 





lo = 0 mA 

tiiAc ■ • 80 ns 


325 



CAS before RAS 
long refresh current 

ICC6 

CAS before RAS refresh: 
tRC =62.5 /is 

RAS, CAS : 

Vcc -0.2 V < Vih <Vih (max.) 

0 V < Vil <0.2 V 

Standby: 

RAS, CAS >Vcc-0.2 V 

Address : Vih or Vil 

WE : Vih 

lo = 0 mA 

tllAS < 1 flS 


1.6 

mA 

3, 4 

CAS before RAS 

self refresh current 

ICC7 

RAS, CAS: 

tRAss = 5 ms 

Vcc -0.2 V < Vih <Vih (max.) 

0 V<Vil<0.2 V 

lo = 0 mA 


1.2 

mA 

4 

Input leakage current 

ll(L) 

Vi = 0 to 3.6 V 

All other pins not under test = 

0 V 

-5 

+5 

M 


Output leakage current 

lo <L) 

Vo = 0 to 3.6 V 

Output is disabled (Hi-Z) 

-5 

+5 

jjA 


High level output voltage 

VoH 

lo = -2.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.0 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 * 9 


Parameter 

Symbol 

tRAc = 60 ns 

tRAc = 70 ns 

tRAc = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


18 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

13 

0 

15 

0 

15 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

Irsh 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tncD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

35 


40 


45 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twes 

0 


0 


6 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


RAS Pulse Width (CAS before RAS Self Refresh) 

tRASS 

100 


100 


100 


AS 


RAS Precharge Time (CAS before RAS Self Refresh) 

tRPS 

110 


130 


150 


ns 


CAS Hold Time (CAS before RAS Self Refresh) 

tCHS 

-50 


-50 


-50 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


128 

1 


128 


128 

ms 
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Notes 


1. All voltages are referenced to GND. 

2. After power up, wait more than 100 jus and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4, Ices and Icc6 depend on cycle rates (tRc and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. I cc3 is measured assuming that all column address inputs are held at either high or low. 

6. I cc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


Vih (min.) = 2.0 V 
Vil (max.) = 0.8 V 




tr = 5 ns 


tr = 5 ns 


(2) Output timing specification 


VOH (MIN.) = 2.0 V 
VOL (MAX.) = 0.8 V 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD ( max.) and tRCD ( max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tCAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11 . Loading conditions are 1 TTL and 100 pF. 

12. tOFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not 
referenced to Voh or Vol. 

13. tcnp (min.) requirements should.be applied to RAS/CAS cycles. 

14. Either tRCH <min.) or tRRH <min.) should be met in read cycles. 

15. In early write cycles, twcH(MiN.) should be met. 

16. tos (min.) and tDH <min.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 
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Timing Chart 

Please refer to Timing Chart 6, page 419. 










DATA SHEET 


MOS INTEGRATED CIRCUIT 

MC-42S4000LAC32S SERIES 


4 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 

FAST PAGE MODE 



Description 

The MC-42S4000LAC32S series is a 4,194,304 words by 32 bits dynamic RAM module (Small Outline DIMM) 
on which 8 pieces of 16 M DRAM: /xPD42S17400LG3 (TSOP (II)) are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh. Hidden refresh 

• 4,194,304 words by 32 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

MC-42S4000LAC32S-A60 

60 ns 

110 ns 

2,880 mW 

4.32 mW 
(CMOS level input) 

MC-42S4000LAC32S-A70 

70 ns 

130 ns 

2,592 mW 

MC-42S4000LAC32S-A80 

80 ns 

150 ns 

2,304 mW 


• 2,048 refresh cycles/128 ms 

• 72-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 


The information in this document is subject to change without notice. 


IC-3460 (Japan) 
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Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-42S4000LAC32SA-A60 

60 ns 

72-pin Dual In-line Memory Module 

8 pieces of ^PD42S17400LG3 

MC-42S4000LAC32SA-A70 

70 ns 

(Socket Type) 

(300 mil TSOP (II)) 

MC-42S4000LAC32SA-AS0 

80 ns 

Edge connector: Gold plating 

[Double side] 
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Pin Configuration 


72-pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 



1/00 

1/02 

1/04 

1/06 

Vcc 

AO 

A2 

A4 

A6 

NC 

1/09 

1/011 

1/013 

A7 

Vcc 

A9 

RAS2 

NC 

1/017 

CASO 

CAS3 

RASO 

NC 

NC 

1/019 

1/021 

1/023 

1/024 

1/026 

1/027 

1/029 

1/031 

PD2 

PD4 

PD6 

GND 



AO - A10 

: Address Inputs 

1/00 - 1/031 

: Data Inputs/Outputs 

RASO, RAS2 

: Row Address Strobe 

CASO - CAS3 

: Column Address Strobe 

WE 

: Write Enable 

PD1 - PD7 

: Presence Detect Pins 

Vcc 

: Power Supply 

GND 

: Ground 

NC 

: No connection 


The internal connection of PD pins (PD1 to PD7). 


Pin 

Pin 

Access Time 

Name 

No. 

60 ns 

70 ns 

80 ns 

PD1 

11 

NC 

NC 

NC 

PD2 

66 

NC 

NC 

NC 

PD3 

67 

GND 

GND 

GND 

PD4 

68 

NC 

NC 

NC 

PD5 

69 

NC 

GND 

NC 

PD6 

70 

NC 

NC 

GND 

PD7 

71 

GND 

GND 

GND 
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MC-42S4000LAC32S SERIES 


Electrical Specifications Notes ^ 2 

Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-0.5 to +4.6 

V 

Supply voltage 

Vcc 


-0.5 to +4.6 

V 

Output current 

lo 


20 

mA 

Power dissipation 

Pd 


8 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


3.0 

3.3 

3.6 

V 

High level input voltage 

VlH 


2.0 


Vcc + 0.3 

V 

Low level input voltage 

VlL 


-0.3 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

# C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0- A10 



55 



Cl2 

WE 



71 

PF 


Cl3 

RAS0, RAS2 



36 


Cl4 

CAS0 - CAS3 



19 


Data Input/Output capacitance 

Ci/o 

1/00 - 1/031 



10 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRAc = 60 ns 


800 





tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


720 

mA 

3, 4, 7 



tRAc = 80 ns 


640 



Standby current 

ICC2 

RAS, CAS > Vm (min.) 

lo = 0 mA 


4 

mA 




RAS, CAS > Vcc- 0.2 V 

lo = 0 mA 


1.2 


RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


800 





CAS > VlH (MIN.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


720 

mA 

3, 4, 5, 7 



tRAc = 80 ns 


640 



Operating current 

ICC4 

RAS < Vil (max.), CAS Cycling 

tRAc = 60 ns 


560 



(Fast page mode) 


tPC = tPC (MIN.) 

tRAc = 70 ns 


480 

mA 

3, 4,6 



lo = 0 mA 

tRAc = 80 ns 


400 



CAS before RAS 

ICC5 

RAS Cycling 

tRAc = 60 ns 


800 



rofresh current 


tRC = tRC (MIN.) 

tRAc = 70 ns 


720 

mA 

3, 4 



lo = 0 mA 

tRAc = 80 ns 


640 



CAS before RAS 
long refresh current 

ICC6 

CAS before RAS refresh: 

tRC = 62.5 ns 

RAS, CAS : 

Vcc -0.2 V < VlH < VlH (MAX.) 

0 V < Vil < 0.2 V 
Standby: 

RAS > Vcc -0.2 V 

Address : Vih or Vil 

WE : Vih 

lo n 0 mA 

tRAS < 1 /is 


1.6 

mA 

3, 4 

CAS boforo RAS 

self refrosh current 

ICC7 

RAS, CAS: 

tRAss = 5 ms 

Vcc -0.2 V < Vih < Vih (max.) 

0 V < Vil < 0.2 V 
lo - 0 mA 


1.2 

mA 

4 

Input leakage current 

Imu 

Vi = 0 to 3.6 V 

All other pins not under test = 0 V 

-5 

+5 



Output leakage current 

l0 (L) 

Vo = 0 to 3.6 V 

Output is disabled (Hi-Z) 

-5 

+5 

HA 


High level output voltage 

VoH 

lo = -2.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.0 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Not0S 8 * 9 


Parameter 

Symbol 

tRAC 

= 60 ns 

tRAC 

= 70 ns 

tRAC 

= 80 ns 


Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

unit 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


15 


18 


20 

ns 

10, 11 

Access Time Column Address 

tAA 


30 


35 


40 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


35 


40 


45 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

15 

0 

20 

ns 

12 

Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

40 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tlU'C 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tflHCP 

35 


40 


45 


ns 


Row Address Setup Time 

tASR 

0 


0 


0 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


RAS Pulse Width (CAS before RAS Self Refresh) 

tRASS 

100 


100 


100 


flS 


RAS Precharge Time (CAS before RAS Self Refresh) 

tRPS 

110 


130 


150 


ns 


CAS Hold Time (CAS before RAS Self Refresh) 

tCHS 

-50 


-50 


-50 


ns 


Refresh Time 

tREF 


128 


128 


128 

ms 
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Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 /is and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4, Ices and Icc6 depend on cycle rates (tpc and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vihimin.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


VlH (MIN.) = 2.0 V — 
Vil (max.) = 0.8 V 

(2) Output timing specification 



tr = 5 ns tr = 5 ns 


VoH (MIN.) = 2.0 V 
VOL (MAX.) = 0.8 V 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD 4- tCAC (MAX.) 


tRAD (max.) andtRCD(MAx.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD(MAx.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. toFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not 
referenced to Voh or Vol. 

13. tCRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH (min.) should be met in read cycles. 

15. In early write cycles, twcH(MiN.) should be met. 

16. tDs (min.) and tDH (min.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs>twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 
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Timing Chart 

Please refer to Timing Chart 6, page 419. 
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Package Drawing 


72 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 
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0.125 MIN. 

V 

0.25 MAX. 

0.010 MAX. 

w 

1.0±0.05 

CO CM 

oo 

oo 

o'd 

+ i 

o> 

CO 

p 

d 

X 

2.54 MIN. 

0.100 MIN. 

Y 

2.0 MIN. 

0.078 MIN. 

z 

2.0 MIN. 

0.078 MIN. 


M72S-50A5 
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8 Byte DIMM 
[Fast Page] 




DATA SHEET 


MOS INTEGRATED CIRCUIT 

MC-421000AA64FA 


1 M-WORD BY 64-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 


Description 

The MC-421000AA64FA is a 1,048,576 words by 64 bits dynamic RAM module on which 16 pieces of 4 M 
DRAM: juPD424400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 1,048,576 words by 64 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

M C-42 1 000 AA64-60 

60 ns 

110 ns 

10.42 W 

420 mW 

(CMOS level input) 

M C-42 1 000 AA64-7 0 

70 ns 

130 ns 

8.74 W 

M C-42 1 000 AA64-80 

80 ns 

150 ns 

7.90 W 


• 1,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 


The information in this document is subject to change without notice. 


IC-3557A (Japan) 
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Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-42 1000AA64FA-60 

60 ns 

168-pin Dual In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

16 pieces of jiPD424400LA 
(300 mil SOJ) 

[Double side) 

MC-42 1000AA64FA-70 

70 ns 

MC-42 1000AA64FA-80 

80 ns 
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Pin Configuration 


168 -pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 



GND 
1/0 32 
1/0 33 
1/0 34 
1/0 35 
Vcc 
1/0 36 
1/0 37 
1/0 38 
1/0 39 

NC 
GND 
I/O 40 
1/0 41 
I/O 42 
1/0 43 
I/O 44 
Vcc 
I/O 45 
I/O 46 
I/O 47 
NC 
GND 
NC 
NC 


CAST 

CAS3 

NC 

NC 

GND 

A1 

A3 

A5 

A7 

A9 

NC 

NC 

Vcc 


NC 

BO 

GND 

NC 

NC 

CA55 

Ca57 

PDE 

Vcc 

NC 

NC 

1/0 48 
1/0 49 
GND 
I/O 50 
1/0 51 
I/O 52 
1/0 53 
Vcc 
1/0 54 
NC 
NC 
NC 
NC 

1/0 55 
NC 

1/0 56 
GND 
1/0 57 
1/0 58 
1/0 59 
1/0 60 
Vcc 
1/0 61 
1/0 62 
1/0 63 
NC 
GND 
PD2 
PD4 
PD6 
PD8 
ID1 
Vcc 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 

NC 
GND 
1/0 8 
1/0 9 
I/O 10 
I/O 11 
I/O 12 
Vcc 
I/O 13 
I/O 14 
I/O 15 
NC 
GND 
NC 
NC 
Vcc 
WEO 
CASO 
CA52 
R A50 
OEO 
GND 
AO 
A2 
A4 
A6 
A8 
NC 
NC 
Vcc 


NC 

NC 

GND 

RA53 
CA54 
CA56 
WE2 
Vcc 
NC 
NC 
I/O 16 
I/O 17 
GND 
I/O 18 
I/O 19 
1/0 20 
1/0 21 
Vcc 
1/0 22 
NC 
NC 
NC 
NC 
1/0 23 
NC 
1/0 24 
GND 
1/0 25 
1/0 26 
1/0 27 
1/0 28 
Vcc 

1/0 29 
1/0 30 
1/0 31 
NC 
GND 
PD1 
PD3 
PD5 
PD7 
IDO 
Vcc 



PD and ID Table 


Pin 

Name 

Pin 

No. 

Access Time 

60 ns 

70 ns 

80 ns 

PD1 

79 

L 

L 

L 

PD2 

163 

L 

L 

L 

PD3 

80 

H 

H 

H 

PD4 

164 

L 

L 

L 

PD5 

81 

L 

L 

L 

PD6 

165 

H 

L 

H 

PD7 

82 

H 

H 

L 

PD8 

166 

H 

H 

H 

IDO 

83 

GND 

GND 

GND 

ID1 

167 

GND 

GND 

GND 


Remark H : Voh, L : Vol 


AO - A9, BO 

Address Inputs 

I/O 0 - I/O 63 

Data Inputs/Outputs 

RASO, RAS2 

Row Address Strobe 

CASO - CAS7 

Column Address Strobe 

WEO, WE2 

Write Enable 

OEO, 0E2 

Output Enable 

PDE 

Presence Detect Enable 

PD1 - PD8 

Presence Detect Pins 

IDO, ID1 

Identity Pins 

Vcc 

Power Supply 

GND 

Ground 

NC 

No connection 
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Block Diagram 


I/O 4 GAS RAS WE OE 

1/03 DO 
1/0 2 

I/O 1 


I/O 1 CAS RAS WE OE 
I/O 2 

D8 

I/O 3 
1/0 4 


I/O 3 CAS RAS WE OE 

1/04 D1 
1/0 2 

1/0 1 


I/O 2 CAS RAS WE OE 
I/O 1 

D9 

I/O 3 
1/0 4 


I/O 8 o- ► I/O 3 CAS RAS WE 0E 

I/O 9 cm ► I/O 4 

I/O 10 cm ► I/O 2 

I/O 1 1 cm I/O 1 


I/O 2 CAS RAS WE OE 
!/° 1 

DIO 

1/0 3 
1/0 4 


I/O 12 cm- 
1/0 13 cm- 
I/O 14 CM- 
I/O 15 0*- 


CAS RAS WE OE 


I/O 2 CAS RAS WE OE 

1/01 Dll 
1/0 3 

1/0 4 


I/O 3 CAS RAS WE OE 
1/0 4 

04 

I/O 2 
I/O 1 


I/O 2 CAS RAS WE OE 
I/O 1 

D12 

1/0 3 
1/0 4 


I/O 3 CAS RAS WE OE 
I/O 4 

1/0 2 05 
1/0 1 


I/O 2 CAS RAS WE OE 
I/O 1 

D13 

1/0 3 
1/0 4 


I/O 3 CAS RAS WE OE 

1/04 D6 
I/O 2 

1/01 


I/O 56 cm ► I/O 2 CAS RAS WE OE 

I/O 57 cm I/O 1 

I/O 58 cm - I/O 3 

I/O 59 CM I/O 4 


I/O 3 CAS RAS WE OE 

1/04 D7 
1/0 2 

1/0 1 


,/0 2 CAS RAS WE OE 
1/0 1 

5 

1/0 3 
1/0 4 


- AO: D8-D15 


Remark DO - D15 : uPD424400 
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Electrical Specifications Notes ^ 2 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


18 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.75 

5.0 

5.25 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 # C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cm 

A0 - A9, B0 



20 

pF 

Cl2 

WE0, WE2 



20 

Cl3 

RAS0, RAS2 



78 

Cl4 

CAS0 - CAS7 



20 

Cl5 

OEO, OE2 



20 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/063 



20 

pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,984 

mA 

3, 4, 7 

tRAC = 70 ns 


1,664 

tRAc = 80 ns 


1,504 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


96 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


80 

RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


1,984 

mA 

3, 4, 5, 7 

CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


1,664 

tRAc = 80 ns 


1,504 

Operating current 

(Fast page mode) 

ICC4 

RAS < Vil (max.), CAS Cycling 

tPC = tPC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,504 

mA 

3, 4, 6 

tRAc = 70 ns 


1,344 

tRAc = 80 ns 


1,184 

CAS boforo RAS 

rofrosh current 

IcCG 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,984 

mA 

3, 4 

tRAc = 70 ns 


1,664 

tRAc = 80 ns 


1,504 

Input leakage current 

ll(L) 

Vi = 0 to 5.5 V 

All other pins not under test = 0 V 

RAS 

-10 

+10 

M 


Othors 

-5 

+1 

Output leakage current 

lo (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

M 


High level output voltage 

VoH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 > 9 


Parameter 

Symbol 

tRAC 

= 60 ns 

tRAC 

= 70 ns 

tRAC 

= 80 ns 


Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Unit 

Read/Write Cycle Time 

tRC 

110 


130 


160 


ns 


Read Modify Write Cycle Time 

tRWC 

165 


190 


225 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Read Modify Write Cycle Time (Fast Page Mode) 

tPRWC 

80 


90 


100 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


20 


25 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


35 


40 


45 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


40 


45 


50 

ns 

11 

Access Time from OE 

tOEA 


20 


25 


25 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

OE to Data Setup Time 

tOLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

15 

0 

20 

ns 

12 

OE to Data Delay Time 

tOED 

15 


15 


20 


ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

15 

0 

15 

0 

20 

ns 

12 

OE Hold Time 

tOEH 

0 


0 


0 


ns 


OE Lead Time Referenced to RAS 

tOES 

0 


0 


0 


ns 


Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


70 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


20 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

20 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

40 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

10 


10 


10 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

10 


10 


10 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 


50 


ns 


Row Address Setup Time 

tASR 

5 


5 


5 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


10 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

15 


15 


15 


ns 

15 

WE Pulse Width 

tWP 

10 


10 


15 


ns 

15 
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Parameter 

Symbol 

tRAC = 60 ns 

tRAc = 70 ns 

tRAc = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

15 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS to WE Delay Time 

tCWD 

35 


40 


45 


ns 

17 

RAS to WE Delay Time 

tRWD 

90 


100 


115 


ns 

17 

CAS Precharge to WE Delay Time 

tCPWD 

55 


60 


70 


ns 

17 

Column Address to WE Delay Time 

tAWD 

55 


60 


70 


ns 

17 

WE Lead Time Referenced to RAS 

tRWL 

20 


25 


25 


ns 


WE Lead Time Referenced to CAS 

tCWL 

15 


15 


15 


ns 


CAS Setup Time (CAS before RAS Refresh) 

tCSR 

10 


10 


10 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


15 


ns 


WE Setup Time 

tWSR 

0 


0 


10 


ns 


WE Hold Time 

tWHR 

10 


10 


15 


ns 


Refresh Timo 

tREF 


16 


16 


16 

ms 
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Notes 


1. All voltages are referenced to GND. 

2. After power up, wait more than 100 [is and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRc and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vm <min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

0) Input timing specification 


VlH (MIN.) = 2.4 V 
Vil (max.) = 0.8 V 


tr = 5 ns tr = 5 ns 

(2) Output timing specification 


VOH (MIN.) = 2.4 V 
Vol (MAX.) = 0.4 V 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRCD (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. tOFF (max.) and tOEZ(MAx.) define the time at which the output achieves the condition of Hi-Z and 
are not referenced to Voh or Vol. 

13. teRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH <min.) should be met in read cycles. 

15. twp (min.) is applied to late write cycles or read modify write cycles. In early write cycles, twcH 
(min.) should be met. 
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16. tDs (min.) and tDH <min.) are referenced to the CAS falling edge in early write cycles. In late write 
cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRwo > tRWD <min.), tcwD > tcwD(MiN.), tAWD > tAWD <min.) and tcpwD > tcpwD(MiN.), the cycle 
is read modify write cycle and the data out will contain data read from the selected cell. If neither 
of the above conditions is met, the state of the data out is indeterminate. 
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Timing Chart 

Please refer to Timing Chart 7, page 429. 



NEC 


MC-421 000AA64FA 









DATA SHEET 


MOS INTEGRATED CIRCUIT 

MC-421000AA64FB 


1 M-WORD BY 64-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 


Description 

The MC-421000AA64FB is a 1,048,576 words by 64 bits dynamic RAM module on which 4 pieces of 16 M 
DRAM: ^PD4218160 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 1,048,576 words by 64 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

MC-421000AA64-60 

60 ns 

110 ns 

3.68 W 

336 mW 

(CMOS level input) 

MC-421000AA64-70 

70 ns 

130 ns 

3.47 W 

MC-421000AA64-80 

80 ns 

150 ns 

3.26 W 


• 1,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-421000AA64FB-60 

60 ns 

168-pin Dual In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

4 pieces of /zPD4218160LE 
(400 mil SOJ) 

[Single side] 

MC-421000AA64FB-70 

70 ns 

MC-421000AA64FB-80 

80 ns 


The information in this document is subject to change without notice. 


103591 (Japan) 


217 











NEC 


MC-421 000AA64FB 


Pin Configuration 


168 -pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 
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GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 


NC 
GND 
1/0 8 
1/0 9 
I/O 10 
I/O 11 
I/O 12 
Vcc 


I/O 13 
I/O 14 
I/O 15 
NC 
GND 
NC 
NC 
Vcc 


CASO 

CAS7 

RASO 

OLO 

GND 

AO 


A4 

AO. 

AH 

NO 

N(. 

Vet 


N(. 

NO 

GND 

OP? 

RA'S? 

CAS'l 

Cash 

WL7 

V,, 


NC 
NC 
I/O 16 
I/O 17 
GND 
I/O 18 
I/O 19 
I/O 20 
1/0 21 
Vcc 
1/0 22 
NC 
NC 
NC 
NC 
1/0 23 
NC 
1/0 24 
GND 
1/0 25 
1/0 26 
1/0 27 
1/0 28 
Vcc 
1/0 29 
1/0 30 
1/0 31 
NC 
GND 
PD1 
PD3 
PD5 
PD7 
IDO 
Vcc 



PD and ID Table 


Pin 

Name 

Pin 

No. 

Access Time 

60 ns 

70 ns 

80 ns 

PD1 

79 

L 

L 

L 

PD2 

163 

L 

L 

L 

PD3 

80 

H 

H 

H 

PD4 

164 

L 

L 

L 

PD5 

81 

L 

L 

L 

PD6 

165 

H 

L 

H 

PD7 

82 

H 

H 

L 

PD8 

166 

H 

H 

H 

IDO 

83 

GND 

GND 

GND 

ID1 

167 

GND 

GND 

GND 


Remark H : Voh, L : Vol 


AO - A9, BO 
I/O 0 - I/O 63 
RASO, RAS2 
CASO - CAS7 
WEO, WE2 
OEO, 0E2 
PDE 

PD1 - PD8 
IDO, ID1 
Vcc 
GND 
NC 


Address Inputs 
Data Inputs/Outputs 
Row Address Strobe 
Column Address Strobe 
Write Enable 
Output Enable 
Presence Detect Enable 
Presence Detect Pins 
Identity Pins 
Power Supply 
Ground 
No connection 
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Block Diagram 


RASOO 

ucu ^ 






CASOO-p>— — 

LCAS 

1/0 0 0—— 

I/O 1 

I/O 1 O- 

1/0 2 

1/0 2 0- 

1/0 3 

1/0 3 0- ► 

1/0 4 

1/0 4 0- ► 

1/0 5 

1/0 5 0- 

1/0 6 

1/0 6 0- 

1/0 7 

1/0 7 0- 

1/0 8 

CAS1 O— p> 

UCAS 

1/0 8 0- 

I/O 16 

1/0 9 0- 

I/O 15 

I/O 100- 

I/O 14 

I/O 1 1 O- 

I/O 13 

I/O 120- ► 

I/O 12 

I/O 130- ► 

1/0 11 

I/O 140- 

I/O 10 

I/O 150- 

1/0 9 


RAS WE OE 


RAS2 0 










CAS4 0~P> 

LCAS 

I/O 32 O- 

I/O 1 

1/0 330- ► 

1/0 2 

I/O 34 0- 

1/0 3 

1/0 350- ► 

1/0 4 

1/0 360- 

1/0 5 

I/O 37 0- 

1/0 6 

1/0 380- 

1/0 7 

1/0 390- 

1/0 8 

CAS5 0-^> » 

UCAS 

1/0 40 0- ► 

I/O 16 

I/O 41 O- ► 

I/O 15 

I/O 42 0- 

I/O 14 

1/0 430- 

I/O 13 

I/O 44 O- 

I/O 12 

I/O 45 O- ► 

I/O 11 

1/0 460- 

I/O 10 

1/0 47 0- ► 

1/0 9 


RAS WE OE 


CAS2 0-£> * 

I/O 16CH 

I/O 170- 

I/O 180- 

I/O 190- 

I/O 20 0- 

I/O 21 O- 

I/O 22 0- 

I/O 23 0- 

CAS3 o-{> 

I/O 24 0- 

I/O 25 0- 

I/O 26 0- 

I/O 27 0- 

I/O 280- 

I/O 29 0- 

I/O 30 0- 

I/O 31 O- 


LCAS RAS WE OE 

CAS6 0— £> 

I/O 1 

1/0 480- ► 

1/0 2 

1/0 490- ► 

1/0 3 

1/0 50 0- 

1/0 4 

1/0 510- 

1/0 5 

I/O 52 O- 

1/0 6 

1/0 53 0- 

1/0 7 

I/O 54 0- 

I/O 8 D1 

I/O 55 0- - 

Ocas 

CAS7 0-£> 

1/0 16 

I/O 56 0- ► 

I/O 15 

1/0 57 0- ► 

I/O 14 

1/0 580- 

I/O 13 

1/0 590- 

I/O 12 

1/0 600- 

1/0 11 

I/O 61 O- 

I/O 10 

1/0 620- ► 

1/0 9 

1/0 630- 


RAS WE OE 


- AO : DO, D1 
• AO : D2, D3 
■ DO - D3 


PDE O- 
PD1 - PD8 0- 
I DO, ID1 O- 
VccO- 
GNDO- 


Vcc or GND 
NC or GND 
• D0-D3 
- D0-D3 


Remark DO - D3 : uPD4218160 
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Electrical Specifications Notes ^ 2 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


6 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tst n 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.75 

5.0 

5.25 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1 .0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 *C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

> 

o 

> 

CD 

03 

O 



20 

PF 

Cl2 

WE0, WE2 



20 

Cl3 

RAS0, RAS2 



45 

Cl4 

CAS0 - CAS7 



20 

C 1 5 

OEO, OE2 



20 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/063 



20 

PF 


220 






NEC 


MC-421 000AA64FB 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


700 

mA 

3, 4, 7 

tRAC = 70 ns 


660 

tRAC = 80 ns 


620 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


68 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


64 

RAS only refresh current 

lcC3 

RAS Cycling 

tRAC = 60 ns 


700 

mA 

3, 4, 5, 7 

CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 70 ns 


660 

tRAC = 80 ns 


620 

Operating current 
(Fast page mode) 

1 CC 4 

RAS < Vil (max.), CAS Cycling 

tPC = tPC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


420 

mA 

3, 4, 6 

tRAC = 70 ns 


380 

tRAC = 80 ns 


340 

CAS before RAS 

refresh current 

ICC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


700 

mA 

3, 4 

tRAC = 70 ns 


660 

tRAC = 80 ns 


620 

Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 

All other pins not under test = 0 V 

RAS 

-10 

+10 

ftA 


Others 

-5 

+ 1 

Output leakage current 

lo (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+ 10 

M 


High level output voltage 

VoH 

lo = -2.5 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.1 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 » 9 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Read Modify Write Cycle Time 

tRWC 

173 


195 


215 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Read Modify Write Cycle Time (Fast Page Mode) 

tPRWC 

85 


90 


105 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


20 


25 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


35 


40 


45 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


40 


45 


50 

ns 

11 

Access Time from OE 

tOEA 


20 


25 


25 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

OE to Data Setup Time 

tOLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

13 

0 

15 

0 

15 

ns 

12 

OE to Data Delay Time 

tOED 

13 


15 


15 


ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

13 

0 

15 

0 

15 

ns 

12 

OE Hold Time 

tOEH 

0 


0 


0 


ns 


OE Lead Time Referenced to RAS 

tOES 

0 


0 


0 


ns 


Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

20 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 


50 


ns 


Row Address Setup Time 

tASR 

5 


5 


5 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAl 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

WE Pulse Width 

tWP 

10 


10 


15 


ns 

15 
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Parameter 

Symbol 

tRAc = 60 ns 

tRAc = 70 ns 

tRAc = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS to WE Delay Time 

tCWD 

38 


40 


45 


ns 

17 

RAS to WE Delay Time 

tRWD 

93 


105 


115 


ns 

17 

CAS Precharge to WE Delay Time 

tCPWD 

60 


65 


70 


ns 

17 

Column Address to WE Delay Time 

tAWD 

58 


65 


70 


ns 

17 

WE Lead Time Referenced to RAS 

tRWL 

25 


25 


25 


ns 


WE Lead Time Referenced to CAS 

tCWL 

15 


15 


15 


ns 


CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


15 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


16 


16 


16 

ms 



Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 i us and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRc and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih<min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 



tT = 5 ns tT = 5 ns 


(2) Output timing specification 


VOH (MIN) = 2.4 V 
VoL (MAX) = 0.4 V 
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10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD ( max.) and tRco ( max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD(MAx.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (max.) and tOEz (max.) define the time at which the output achieves the condition of Hi-Z and 
are not referenced to Voh or Vol. 

13. tCRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH (min.) should be met in read cycles. 

15. twp (min.) is applied to late write cycles or read modify write cycles. In early write cycles, twcH 
(min.) should be met. 

16. tos (min.) and tDH (min.) are referenced to the CAS falling edge in early write cycles. In late write 
cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD > tRwo (min.), tcwD>tcwD(MiN.), tAWD >tAWD(MiN.) and tcpwD> tcpwD(MiN.), the cycle 
is read modify write cycle and the data out will contain data read from the selected cell. If neither 
of the above conditions is met, the state of the data out is indeterminate. 
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Timing Chart 

Please refer to Timing Chart 8, page 443. 
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SVSOS INTEGRATED CIRCUIT 

MC-421000AD72F 


1 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE (ECC) 


Description 

The MC-421000AD72F is a 1,048,576 words by 72 bits dynamic RAM module on which 4 pieces of 16 M 
DRAM: /xPD4218160 and 2 pieces of 4 M DRAM: ^PD424400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 1,048,576 words by 72 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

MC-421000AD72-60 

60 ns 

110 ns 

4.94 W 

347 mW 

(CMOS level input) 

MC-421000AD72-70 

70 ns 

130 ns 

4.52 W 

MC-421000AD72-80 

80 ns 

150 ns 

4.20 W 


• 1,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh, Flidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-421000AD72F-60 

60 ns 

168-pin Dual In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

4 pieces of ^PD4218160G5 

(400 mil TSOP(II)) 

and 

2 pieces of //PD424400G3 

(300 mil TSOP(II)) 

[Double side] 

M C-42 1 000AD72F-7 0 

70 ns 

MC-421000AD72F-80 

80 ns 


The information in this document is subject to change without notice. 


D-3602 (Japan) 
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Pin Configuration 


168 -pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 


GNDC 

I/O 0 c 
I/O 1 c 
I/O 2 c 
I/O 3 C 

VccC 

I/O 4 C 
I/O 5 C 
I/O 6 c 
I/O 7 C 


PD and ID Table 


Pin 

Name 

Pin 

No. 

Access Time 

60 ns 

70 ns 

80 ns 

PD1 

79 

L 

L 

L 

PD2 

163 

L 

L 

L 

PD3 

80 

H 

H 

H 

PD4 

164 

L 

L 

L 

PD5 

81 

L 

L 

L 

PD6 

165 

H 

L 

H 

PD7 

82 

H 

H 

L 

PD8 

166 

L 

L 

L 

IDO 

83 

GND 

GND 

GND 

ID1 

167 

GND 

GND 

GND 


Remark H : Voh, L : Vol 


AO - A9, BO 

Address Inputs 

I/O 0 - I/O 71 

Data Inputs/Outputs 

RASO, RAS2 

Row Address Strobe 

CASO, CAS4 

Column Address Strobe 

WEO, WE2 

Write Enable 

OEO, OE2 

Output Enable 

PDE 

Presence Detect Enable 

PD1 - PD8 

Presence Detect Pins 

IDO, ID1 

Identity Pins 

Vcc 

Power Supply 

GND 

Ground 

NC 

No connection 
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Electrical Specifications Notes ^ 2 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


8 

W 

Operating ambient temperature 

Ta 


0 to +70 

c C 

Storage temperature 

Tstg 


-55 to +125 

:c 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described intheoperational section ofthisspecification. Exposureto Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.75 

5.0 

5.25 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - A9, B0 



20 

pF 

Cl2 

WEO, WE2 



20 

Co 

RAS0, RAS2 



36 

Ci« 

CAS0, CAS4 



20 

Cl!) 

OEO, OE2 



20 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/071 



20 

pF 


230 






NEC 


MC-421 000AD72F 


DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRAC 

= 60 ns 


940 

mA 

3, 4, 7 



tRC = tRC (MIN.) 

lo = 0 mA 

tRAC 

= 70 ns 


860 





tRAC 

= 80 ns 


800 



Standby current 

ICC2 

RAS, CAS > Vih (min.) 

lo = 

0 mA 


72 

mA 




RAS, CAS > Vcc - 0.2 V 

lo = 

0 mA 


66 



RAS only refresh current 

l C C3 

RAS Cycling 

tRAC 

= 60 ns 


940 

mA 

3, 4, 5, 7 



CAS > Vih (min.) 

tRC = tRC (MIN.) 

tRAC 

= 70 ns 


860 





tRAC 

= 80 ns 


800 



lo = 0 mA 

Operating current 

ICC4 

RAS < Vil (max.), CAS Cycling 

tRAC 

= 60 ns 


600 

mA 

3, 4, 6 

(Fast page mode) 


tPC = tPC (MIN.) 

tliAC 

70 ns 


540 





lo = 0 mA 

t II At. 

■ 80 ns 


480 



CAS before RAS 

ICC5 

RAS Cycling 

tl<A< 

(30 ns 


940 

mA 

3, 4 

refresh current 


tRC = tRC (MIN.) 

tliAC 

■ 70 ns 


860 





lo = 0 mA 

t MAC 

80 ns 


800 



Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 


RAS 

10 

+ 10 

//A 




All other pins not under test - 

- 0 V 

Others 

13 

+ 1 



Output leakage current 

lo (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 



-10 

+1 ° 

M 


High level output voltage 

VOH 

lo = -2.5 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.1 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 * 9 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


160 


ns 


Read Modify Write Cycle Time 

tRWC 

173 


195 


225 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Read Modify Write Cycle Time (Fast Page Mode) 

tPRWC 

85 


90 


105 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


20 


25 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


35 


40 


45 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


40 


45 


50 

ns 

11 

Access Time from OE 

tOEA 


20 


25 


25 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

OE to Data Setup Time 

tOLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

15 

0 

20 

ns 

12 

OE to Data Delay Time 

tOED 

15 


15 


20 


ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

15 

0 

15 

0 

20 

ns 

12 

OE Hold Time 

tOEH 

0 


0 


0 


ns 


OE Lead Time Referenced to RAS 

tOES 

0 


0 


0 


ns 


Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


70 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


20 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

20 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

10 


10 


10 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

10 


10 


10 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 


50 


ns 


Row Address Setup Time 

tASR 

5 


5 


5 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


10 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

15 


15 


15 


ns 

15 

WE Pulse Width 

tWP 

10 


10 


15 


ns 

15 
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Parameter 

Symbol 

tRAC = 60 ns 

tRAc = 70 ns 

tRAc = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twes 

0 


0 


0 


ns 

17 

CAS to WE Delay Time 

tCWD 

38 


40 


45 


ns 

17 

RAS to WE Delay Time 

tRWD 

93 


105 


115 


ns 

17 

CAS Precharge to WE Delay Time 

tCPWD 

60 


65 


70 


ns 

17 

Column Address to WE Delay Time 

tAWD 

58 


65 


70 


ns 

17 

WE Lead Time Referenced to RAS 

tRWL 

25 


25 


25 


ns 


WE Lead Time Referenced to CAS 

tCWL 

15 


15 


15 


ns 


CAS Setup Time (CAS before RAS Refresh) 

tesn 

10 


10 


10 


ns 

i 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


16 


16 


16 

ms 



Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 /is and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRc and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vm (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


VlH (MIN.) = 2.4 V 
Vil (max) = 0.8 V 

tT = 5 ns tT = 5 ns 

(2) Output timing specification 



VoH (MIN) = 2.4 V 
Vol (MAX) = 0.4 V 
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10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRCD (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tCAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. toFF (max.) and toEz (max.) define the time at which the output achieves the condition of Hi-Z and 
are not referenced to Voh or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRnu <min.> should be met in read cycles. 

15. twp (min.) is applied to late write cycles or read modify write cycles. In early write cycles, twcH(MiN.) 
should be met. 

16. tDs (min.) and tDH <min.) are referenced to the CAS falling edge in early write cycles. In late write 
cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD > tnwixMiw.), tcwo > tcwD(MiN.), tAWD > tAWD <min.) and tcpwD > tcpwD (min.), the cycle 
is read modify write cycle and the data out will contain data read from the selected cell. If neither 
of the above conditions is met, the state of the data out is indeterminate. 
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Timing Chart 

Please refer to Timing Chart 7, page 429. 
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PRELIMINARY DATA SHEET 

MOS INTEGRATED CIRCUIT 

MC-422000AA64FB 


2M -WORD BY 64-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 



Description 

The MC-422000AA64FB is a 2 097 152 words by 64 bits dynamic RAM module on 
which 8 pieces of 16M DRAM ( uPD 4218160) are assembled. 

This module provide high density and large quantities of memory in a small space 
without utilizing the surface-mounting technology on the printed circuit board. 
Decoupling capacitors are mounted on power supply line for noise reduction. 


Features 

- 2 097 1 52 words by 64 bits organization 

- Fast access and cycle time 


Family 

Access time 
(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC- 422000 AA64-60 

60ns 

110ns 

3.74 w 

378 mW 

(CMOS level) 

MC- 422000AA64-70 

70ns 

1 30ns 

3.53 w 

MC- 422000AA64-80 

80 ns 

150ns 

3.32 w 


- 1 024 refresh cycles/1 6 ms 

- CAS before RAS refresh , RAS only refresh , Hidden refresh. 

- 168-pin dual in-line memory module (pin pitch = 1.27 mm) 

- Single +5.0V±0.25V power supply 


The information in this document is subject to change without notice. 


D-3612A (Japan) 
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Ordering information 


Part Number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC- 422000AA64FB-60 

60ns 

168-pin Dual In-line 
Memory Module 
(Socket Type) 

Edge connector: Gold plating 

8 pieces of 
uPD 4218160LE 
(400m il SOJ) 

[Single side] 

MC- 422000 AA64FB-70 

70ns 

MC- 422000AA64FB-80 

80ns 
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Pin Configuration 


168-pin Dual In-line Memory Module Socket Type (Edge Connector : Gold plating) 


85 

86 

87 

88 

89 

90 

91 

92 

93 

94 


9TJ- 


9! 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 


125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 

167 

168 


GND 
1/0 32 
1/0 33 
1/0 34 
1/0 35 
Vcc 
1/0 36 
1/0 37 
1/0 38 
1/0 39 

NC 

GND 

1/0 40 

1/0 41 

1/0 42 

1/0 43 

1/0 44 

Vcc 

1/0 45 

1/0 46 

1/0 47 

NC 

GND 

NC 

NC 

Vcc 

NC 

CAS1 

CAS3 

NC 

GND 

A1 

A3 

A5 

A7 

A9 

NC 

NC 

Vcc 


NC 

BO 

GND 

RAS3 

CAS5 

FEE 

Vcc 
NC 
NC 
1/0 48 
1/0 49 
GND 
1/0 50 
1/0 51 
1/0 52 
1/0 53 
Vcc 
1/0 54 
NC 
NC 
NC 
NC 
1/0 55 
NC 
1/0 56 
GND 
1/0 57 
I/O 58 
1/0 59 
1/0 60 
Vcc 
1/0 61 
1/0 62 
1/0 63 
NC 
GND 
PD2 
PD4 
PD6 
PD8 
ID1 
Vcc 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 


NC 
GND 
1/0 8 
1/0 9 
I/O 10 
1/0 11 
I/O 12 
Vcc 
I/O 13 
I/O 14 
I/O 15 
NC 
GND 
NC 
NC 


Vcc 

WES 

CASO 

C*§2 


GND 

AO 

A2 

A4 

A6 

A8 

NC 

NC 


Vcc 


NC 

NC 

GND 


AS2 

CAS4 

SX36 
WES 
Vcc 
NC 
NC 
I/O 16 
1/0 17 
GND 

I/O 18 

1/0 19 

I/O 20 

1/0 21 
Vcc 
1/0 22 
NC 
NC 
NC 
NC 
I/O 23 
NC 
1/0 24 
GND 
1/0 25 
I/O 26 
1/0 27 
1/0 28 
Vcc 
1/0 29 
1/0 30 
1/0 31 
NC 
GND 
PD1 
PD3 
PD5 
PD7 
IDO 
Vcc 



PD and ID Table 


1 Pin 

Pin 

Accsess Time | 

l^yU 





K3SM 

79 

H 

H 

■a 

gh 

WTSM 

L 

L 

L 

ki^ji 

mm 

H 

mm 

mm 

■371 

IKl 

L 

L 

L 

■ SJ»K« 

81 

L 

L 

L 

■321 


H 

L 

H 

E39 

mm 

H 

H 

L 

Em 


H 

H 

mm\ 

IB1 

mm 

ES3 



mem 

MMH 



GND | 


Note) H : VOH , L : VOL 


A0-A9.B0: 

I/O 0-1/0 63 : 

RASQ - RAS3 

CAS0-CAS 7 

WE0.WE2 

OEO.OE2 

PDE 

PD1- PD8 

ID0.ID1 

Vcc 

GND 

NC 


Address Inputs 
: Data Inputs / Outputs 
: Row Address Strobe 
: Column Address Strobe 
: Write Enable 
: Output Enable 
: Presence Detect Enable 
Presence Detect Pins 
Identity pins 
Power Supply 
Ground 
No connection 
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Block Diagram 














MG-422Q00AA64FB 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

VT 


-1.0 to +7.0 

V 

Supply voltage 

vcc 


-1.0 to +7.0 

V 

Output current 

IO 


50 

mA 

Power dissipation 

PD 


10 

W 

Operating temperature 

Topt 


0 to +70 

“C 

Storage temperature 

Tstg 


-55 to +125 



Remark Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage . The device in not meant to be operated under conditions outside the limits 
described in the operational sections of this specification . Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability . 


RECOMMENDED OPERATING CONDITIONS (notes si, 2) 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

VCC 


4.75 

5.0 

5.25 

V 

High level input voltage 

VIH 


2.4 


Vcc +1.0 

V 

Low level input voltage 

VIL 


-1.0 


+0.8 

V 

Ambient temperature 

Ta 


0 


70 

V 


CAPACITANCE (Ta=25°C , f=l MHz ) 


Parameter 

Symbol 

Test condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

CI1 

A0 - A9, B0 



20 

pF 

C 1 2 

WE 0, WE 2 



20 

pF 

C 13 

RAS 0 - RAS 3 



45 

pF 

C 1 4 

CAS 0 - CAS 7 



20 

pF 

C 1 5 

OE 0, OE 2 



20 

pF 

Data Input/ 

Output capacitance 

C I/O 

I/O 0 - I/O 63 



20 

pF 
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DC CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


PARAMETER 

SYMBOL 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

NOTES 



RAS , CAS Cycling 

tRO=tRC (MIN.) , IO=0mA 

tRAc=60ns 


712 



Operating Current 

Iccl 

tRAc=70ns 


672 

mA 

3, 4,7 



tRAc=80ns 


632 



Standby Current 

Icc2 

RAS, CAS ^ Vih ( min.) 


80 

mA 


RAS , CAS ^ Vcc-0.2V 


72 




RAS Cycling , CAS ^ Vih 

tRAc=60ns 


712 



RAS only refresh current 

Icc3 

tRAc=70ns 


672 

mA 

3, 4,7 



tRC=tRC (MIN.) , IO=0mA 

tRAc=80ns 


632 



Operating Current 


RAS g VIL , CAS Cycling 

tRAc=60ns 


432 



( Fast Page Mode ) 

Icc4 

tRAc=70ns 


392 

mA 

3, 4,6 


tPC=tPC MIN. , IO=0mA 

t rac— 80ns 


352 



CAS before RAS 


tRC=tRC(MIN.) 

tRAc=60ns 


712 



Icc5 

tRAc=70ns 


672 

mA 

3,4 

refresh current 


IO=0mA 

tRAc=80ns 


632 



Input Leakage Current 


VI=0 to 5.5V 

RAS 

-10 

+10 

HA 


Il(L) 

all other pins not under test = OV 

others 

-5 

+1 


Output Leakage Current 

lo ( L ) 

Outputs are disabled (Hi - Z) 

VO=0 to 5.5V 

-10 

+10 

M-A 


High level output voltage 

Vou 

IO=-5mA 

2.4 


V 


Low level output voltage 

Voi. 

IO=+4.2mA 


0.4 

V 
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AC CHARACTERISTICS 

( Recommended Operating Conditions unless otherwise noted ) 


Notes 8,9 


( 1 / 2 ) 


PARAMETER 

SYMBOL 

tRAC 

= 60ns 

tRAC 

= 70ns 



UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 


m 


Random Read or Write Cycle Time 

tRC 

110 

_ 

130 

_ 

150 

_ 

ns 


Read Modify Write Cycle Time 

tRWC 

173 

_ 

195 

_ 

215 

_ 

ns 


Fast Page Mode Cycle Time (Read or Write) 

tPC 

40 

_ 

45 

_ 

50 

_ 

ns 


Read Modify Write Cycle Time (Fast Page Mode) 

tPRWC 


- 

90 

_ 


_ 

ns 


Access Time from RAS 

tRAC 

- 

60 

- 

70 

_ 

80 

ns 

10, 11 

Access Time from CAS 

tCAC 

- 


- 


- 

25 

ns 

10, 11 

Access Time from Column Address 

tAA 

- 

mm 

- 

40 

- 

45 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 

- 

H 1 

- 

45 

- 


ns 

11 

Access Time from OE 

tOEA 

- 


- 

25 

- 

25 

ns 

11 

RAS to Column Address Delay Time 

tRAD 



15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 

mm 

0 


0 

- 

ns 

11 

OE to Data Setup Time 

tOLZ 

0 


0 


0 

_ 

ns 

1 1 

Output Buffer Turn-off Delay Time(CAS) 

tOFF 

0 

8 

0 

15 

0 

15 

ns 

12 

OE to Data Delay Time 

tOED 

13 

. 

15 

.. 

15 

_ 

ns 


Output Buffer Turn-off Delay Time(OE) 

tOEZ 

0 

13 

0 

15 

0 

15 

ns 

12 

OE Command Hold Time 


0 

- 

0 

- 

0 

- 

ns 


OE to RAS inactive Setup Time 


0 

- 

0 

- 


- 

ns 


Transition Time ( Rise and Fall ) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 






HI 


RAS Pulse Width( Random Read, Write Cycle) 

tRAS 

60 

10 000 

70 

10 000 

80 

10 000 

ns 


RAS Pulse Width ( Fast Pace Mode) 


60 

Rftw! 

70 

125 000 


H88 



RAS Hold Time 

tRSH 

15 

_ 

18 

_ 

20 

_ 

ns 


CAS Pulse Width 

tCAS 

15 


9H 

IflffSI 

Bill 


0! 


CAS Hold Time 

tCSH 

60 

_ 

70 

_ 

80 

_ 

ns 


RAS to CAS Delay Time 

tRCD 

HI 

45 

ill 

H 

_ 25 


ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 

_ 

5 

_ 

5 

_ 

ns 

13 

CAS Precharge Time 

tCPN 


_ 

HI 

_ 

10 

_ 

ns 


CAS Precharge Time(Fast Page Mode) 

tCP 

10 

_ 

10 

_ 

10 

_ 

ns 


RAS Precharge CAS Hold Time 

tRPC 

5 

_ 

5 


5 

. 

ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 

_ 

45 


50 

_ 

ns 


Row Address Set Up Time 

tASR 

5 

_ 

5 

_ 

5 

_ 

ns 


Row Address Hold Time 

tRAH 

10 

_ 

10 

_ 

12 

_ 

ns 


Column Address Set Up Time 

tASC 

0 

_ 

0 

_ 

0 

_ 

ns 


Column Address Hold Time 

■ ■ 

15 


15 


_ 15 


91 


Column Address Lead Time Referenced to RAS 

tRAL 

30 

_ 

35 

_ 

40 

. 

ns 


Lead Command Setup Time 

tRCS 

BiS 

. 

HU 

_ 

0 

. 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

_ 

0 

_ 

0 

. 

ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

_ 

0 

_ 


_ 

ns 

14 

Write Command Hold Time Referenced to CAS 

PPB 

10 

- 

10 

- 

15 


ns 

15 
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MC-422000AA64FI 


(2/2 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

tRAC = 80ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Write Comand Set-Up Time 

tWP 

10 

- 

10 

- 

15 

- 

ms 

15 

Data-in Seup Time 


0 

_ 

0 

- 

0 

- 

ns 

16 

Data-in Hold Time 

tDH 

10 

- 

15 

- 

15 

- 

m 

16 

Write Comand Setup Time 

twcs 

0 

- 

0 

- 

0 

- 

ns 

17 

CAS to WE Delay Time 

tCWD 

38 

- 

40 

- 

45 

- 

ns 

17 

RAS to WE Delay Time 

tRWD 

93 

- 

105 

- 

115 

- 

ns 

17 

CAS Precharge Delay Time Referenced to WE (Fast Page Mode) 

tCPWD 

60 

- 

65 

- 

70 

- 

ns 

17 

Column Address Delay Time Referenced to WE 

tAWD 

58 

- 

65 

- 

70 

- 

ns 

17 

Write Command Lead Time Referenced to RAS 

tRWL 

25 

- 

25 

- 

25 

- 

ns 


Write Command Lead Time Referenced to CAS 

tCWL 

15 

- 

15 

- 

15 

- 

ns 


CAS Setup Time for CAS before RAS Refresh 

tCSR 

5 

- 

5 

- 

5 

- 

ns 


CAS Hold Time for CAS before RAS Refresh 

tCHR 

10 

- 

10 

- 

10 

- 

ns 


WE Hold Time 

tWHR 

15 

- 

15 

- 

15 

- 

ns 


Refresh Time 

tREF 

- 

16 

- 

16 

- 

16 

ms 
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MC-422000AA64FB 


Notes: 

1 . All voltages are referenced to GND . 

2. After power up, wait more than lOOps and then, execute eight CAS before RAS or RAS 
only refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci , Icc3, Icc4 and Ices depend on cycle rates (tRcandtpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during 

each fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during 
RAS^Vil(max) and CAS^Vih(min) . 

8. AC measurements assume tr =5ns . 

9. AC Characteristics test condition 

(1) Input timing specification 

VIH (MIN.) -2.4V- 
VIL (MAX.) - 0.8V* 

(2) Output timing sped 

VOH (MIN.) -2.4V ■ 

VOL (MAX.) -0.4V- 



10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD(MAX-) and tRCD ^ tRCD(MAX.) 

tRAC(MAX.) 

tRAC(MAX.) 

tRAD > tRAD(MAX.) and tRCD tRCD(MAX.) 

tAA(MAX.) 

tRAD + tAA(MAX.) 

tRCD > tRCD(MAX.) 

tCAC(MAX.) 

tRCD + tCAC(MAX.) 


tRAD(MAx.) and tRCD(MAX) are specified as reference points only ; they are not restrictive 
operating parameters. They are used to determine which access time (tRAc. tAA or tcAc) 
is to be used for finding out when output data will be available. Therefore, the input 
conditions tRAD^tRAD(MAx.) and tRCD^tRCD(MAX) will not cause any operation problems. 

11. Loading conditions are 1 TTLs and 100 pF. 

12. toFF (max.) defines the time at which the output achieves the condition of Hi-Z and are not 
referenced to Voh or Vol. 

13. tcRP(MiN) requirement should be applied to RAS /CAS cycles. 

14. Either tRCH(MiN.) or tRRH(MiN) should be met in read cycles. 

15. twp(MiN ) is applied to late write cycles or read modify write cycles. In early write cycles, 
twcH(MiN) should be met. 

16. tos(MiN.) and tDH(MiN) are referenced to the CAS falling edge in early write cycles. In late 
write cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twes^twes (min.) , the cycle is an early write cycle and the data out will remain Hi-Z 
through the entire cycle . If tRWD^tRWD (min.) , tcwD^tcwD(MiN.) , tAWD^tAWD(MiN) and tepwo^ 
tcpwD(MiN.) , the cycle is read modify write cycle and the data out will contain data read from the 
selected cell. If neither of the above conditions is met, the state of the data out is indeterminate. 
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Timing Chart 

Please refer to Timing Chart 8, page 443. 
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DATA SHEET 


MOS INTEGRATED CIRCUIT 

MC-422000AB72F 


2 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE (ECC) 


Description 

The MC-422000AB72F is a 2,097,152 words by 72 bits dynamic RAM module on which 9 pieces of 16 M 
DRAM: /xPD4217800 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 2,097,152 words by 72 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-422000AB72-60 

60 ns 

110 ns 

5.53 W 

383 mW 

(CMOS level input) 

MC-422000AB72-70 

70 ns 

130 ns 

5.06 W 

MC-422000AB72-80 

80 ns 

150 ns 

4.59 W 


• 2,048 refresh cycles/32 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-422000AB72F-60 

60 ns 

168-pin Dual In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

9 pieces of /*PD4217800G5 

(400 mil TSOP(II)) 
[Double side] 

MC-422000AB72F-70 

70 ns 

MC-422000AB72F-80 

80 ns 


The information in this document is subject to change without notice. 


C-3542 (Japan) 


249 











NEC 


MC-422000AB72F 


Pin Configuration 


168-pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 



GND 
1/0 36 
1/0 37 
1/0 38 
1/0 39 
Vcc 
1/0 40 
1/0 41 
1/0 42 
1/0 43 


1/0 44 
GND 
1/0 45 
1/0 46 
1/0 47 
1/0 48 
1/0 49 
Vcc 


1/0 50 
1/0 51 
1/0 52 
1/0 53 
GND 
NC 
NC 


Vcc 

NC 

NC 

NC 

NC 

NC 

GND 

A1 

A3 

A5 

A7 

A9 

NC 

NC 

Vcc 


NC 

BO 

GND 

NC 

NC 

NC 

NC 

PDE 

Vcc 

NC 

NC 

1/0 54 
1/0 55 
GND 
1/0 56 
1/0 57 
1/0 58 
1/0 59 
Vcc 
1/0 60 
NC 
NC 
NC 
NC 
1/0 61 
1/0 62 
1/0 63 
GND 
1/0 64 
1/0 65 
1/0 66 
1/0 67 
Vcc 
1/0 68 
1/0 69 
1/0 70 
1/0 71 
GND 
PD2 
PD4 
PD6 
PD8 
ID1 
Vcc 


GND 
1/0 0 
1/01 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 


1/0 8 
GND 
1/0 9 
I/O 10 
I/O 11 
I/O 12 
I/O 13 
Vcc 


I/O 14 
1/015 
I/O 16 
I/O 17 
GND 
NC 
NC 
Vcc 
WEo 
CASO 
NC 
R ASP 
OEO 
GND 
AO 
A2 
A4 
A6 
A8 
A10 
NC 


Vcc 


NC 

NC 

GND 

GE2 

R£52 

CA54 

NC 

WE2 

Vcc 
NC 
NC 
I/O 18 
I/O 19 
GND 
I/O 20 
1/0 21 
1/0 22 
1/0 23 
Vcc 
1/0 24 
NC 
NC 
NC 
NC 
1/0 25 
I/O 26 
1/0 27 
GND 
1/0 28 
1/0 29 
1/0 30 
1/0 31 
Vcc 
1/0 32 
1/0 33 
1/0 34 
1/0 35 
GND 
PD1 
PD3 
PD5 
PD7 
IDO 
Vcc 



PD and ID Table 


Pin 

Name 

Pin 

No. 

Access Time 

60 ns 

70 ns 

80 ns 

PD1 

79 

H 

H 

H 

PD2 

163 

L 

L 

L 

PD3 

80 

L 

L 

L 

PD4 

164 

H 

H 

H 

PD5 

81 

L 

L 

L 

PD6 

165 

H 

L 

H 

PD7 

82 

H 

H 

L 

PD8 

166 

L 

L 

L 

IDO 

83 

GND 

GND 

GND 

ID1 

167 

GND 

GND 

GND 


Remark H : Voh, L : Vol 


AO - A10, BO 

Address Inputs 

I/O 0 - I/O 71 

Data Inputs/Outputs 

RASO, RAS2 

Row Address Strobe 

CASO, CAS4 

Column Address Strobe 

WEO, WE2 

Write Enable 

OEO, 0E2 

Output Enable 

PDE 

Presence Detect Enable 

PD1 - PD8 

Presence Detect Pins 

IDO, ID1 

Identity Pins 

Vcc 

Power Supply 

GND 

Ground 

NC 

No connection 
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Electrical Specifications Notes 1 ' 2 

Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


11 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 

i 

-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.75 

5.0 

5.25 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 a C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - A10, B0 



20 

PF 


Cl2 

WEO, WE2 



20 



Cl3 

RAS0, RAS2 



50 



Cl4 

CAS0, CAS 4 



20 



Cl5 

OEO, OE2 



20 


Data Input/Output capacitance 

Ci/o 

1/00 - 1/071 



20 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 



tRAc = 60 ns 


1,054 

mA 

3, 4, 7 

tRAc = 70 ns 


964 

tRAc = 80 ns 


874 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


82 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


73 

RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


1,054 

mA 

3, 4, 5, 7 

CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


964 

tRAc = 80 ns 


874 

Operating current 
(Fast page mode) 

ICC4 

RAS < Vil (max.), CAS Cycling 

tPC = tPCIMIN.) 

lo = 0 mA 

tRAc = 60 ns 


694 

mA 

3, 4, 6 

tRAc = 70 ns 


604 

tRAc = 80 ns 


514 

CAS before RAS 

refresh current 

ICC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,054 

mA 

3, 4 

tRAc = 70 ns 


964 

tRAc = 80 ns 


874 

Input leakage current 

ll(L) 

Vi = 0 to 5.5 V 

All other pins not under test = 0 V 

RAS 

-10 

+10 



Others 

-5 

+1 

Output leakage current 

l0 (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

M 


High level output voltage 

VOH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 ' 9 


Parameter 

Symbol 

tRAc = 60 ns 

tRAc = 70 ns 

tRAc = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Read Modify Write Cycle Time 

tRWC 

173 


195 


215 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Read Modify Write Cycle Time (Fast Page Mode) 

tPRWC 

85 


90 


100 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


20 


23 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


35 


40 


45 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


40 


45 


50 

ns 

11 

Access Time from OE 

tOEA 


20 


23 


25 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

OE to Data Setup Time 

tOLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

13 

0 

15 

0 

15 

ns 

12 

OE to Data Dolay Time 

tOED 

13 


15 


15 


ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

13 

0 

15 

0 

15 

ns 

12 

OE Hold Time 

tODI 

0 


0 


0 


ns 


OE Lead Time Referenced to RAS 

torr. 

0 


0 


0 


ns 


Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tnp 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tflASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Dolay Time 

tRCD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 


50 


ns 


Row Address Setup Time 

tASR 

5 


5 


5 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

WE Pulse Width 

tWP 

10 


10 


15 


ns 

15 
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Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS to WE Delay Time 

tCWD 

38 


43 


45 


ns 

17 

RAS to WE Delay Time 

tRWD 

93 


105 


115 


ns 

17 

CAS Precharge to WE Delay Time 

tCPWD 

58 


65 


70 


ns 

17 

Column Address to WE Delay Time 

tAWD 

58 


65 


70 


ns 

17 

WE Lead Time Referenced to RAS 

tRWL 

25 


25 


25 


ns 


WE Lead Time Referenced to CAS 

tCWL 

15 


15 


15 


ns 


CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


32 


32 


32 

ms 



Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 /xs and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Icc5 depend on cycle rates (tRc and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changod once or less during RAS < Vil 
(max.) and CAS > Vih (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


Vih (min.) = 2.4 V 
Vil (max.) = 0.8 V 




tT = 5 ns tT = 5 ns 


(2) Output timing specification 


VOH (MIN.) = 2.4 V 
VOL (MAX.) = 0.4 V 
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10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from R AS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRCD (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tCAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. tOFF (max.) and tOEZ(MAx.) define the time at which the output achieves the condition of Hi-Z and 
are not referenced to Von or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH (min.) should be met in read cycles. 

15. twp (min.) is applied to late write cycles or read modify write cycles. In early write cycles, twcH(Mii\i.) 
should be met. 

16. tDs (min.) and tDH <min.) are referenced to the CAS falling edge in early write cycles. In late write 
cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD > tRWD <min.>, tcwD > tcwD (min.), tAWD > tAWD (min.) and tcpwD > tcpwD (min.), the cycle 
is read modify write cycle and the data out will contain data read from the selected cell. If neither 
of the above conditions is met, the state of the data out is indeterminate. 
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Timing Chart 

Please refer to Timing Chart 7, page 429. 



Package Drawing 


168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 
















DATA SHEET 



SV10S INTEGRATED CIRCUIT 

MC-422000LAB72F 


3.3 V OPERATION 2 M-WORD BY 72-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE (ECC) 


Description 

The MC-422000LAB72F is a 2,097,152 words by 72 bits dynamic RAM module on which 9 pieces of 16 M 
DRAM: /JPD4217800L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise [eduction. 

Features 

• 2,097,152 words by 72 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-422000LAB72-A60 

60 ns 

110 ns 

3.28 W 

147.6 mW 
(CMOS level input) 

MC-422000LAB72-A70 

70 ns 

130 ns 

2.95 W 

MC-422000LAB72-A80 

80 ns 

150 ns 

2.63 W 


• 2,048 refresh cycles/32 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 

Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-422000LAB72F-A60 

60 ns 

168-pin Dual In-line Memory Module 

9 pieces of JUPD4217800LG5 

MC-422000LAB72F-A70 

70 ns 

(Socket Type) 

(400 mil TSOP(II)) 

MC-422000LAB72F-A80 

80 ns 

Edge connector: Gold plating 

[Double side] 


The information in this document is subject to change without notice. 


V1 1 0343EJ5V0DS00 (Japan) 
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Pin Configuration 


168-pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 


u o 


85 

O GND 

86 

— HD I/O 36 

87 

—HD l/o 37 

88 

— HD I/O 38 

89 

— H> I/O 39 

90 

O Vcc 

91 

—HO I/O 40 

92 

—HD l/o 41 

93 

— * -O I/O 42 

94 

— HD I/O 43 

c= 


95 

—HD I/O 44 

96 

0 GND 

97 

— — O I/O 45 

98 

— O I/O 46 

99 

—HO I/O 47 

100 

—HO I/O 48 

101 

— O I/O 49 

10? 

O Vcc 

103 

(—► O I/O 50 

104 

—MO I/O 51 

1 05- 

— MD I/O 5? 

1 0G 

— O I/O 53 

107 

O GND 

108 

O NC 

109 

O NC 

110 

0 Vcc 

111 

O NC 

112 

O NC 

113 

O NC 

114 

O NC 

115 

0 NC 

116 

0 GND 

117 

■* O A1 

118 

o A3 

119 

«*■"— Q A5 

120 

^ O A7 

121 

OA9 

122 

O NC 

123 

O NC 

124 

O Vcc 

C= 


125 

O NC 

126 

OBO 

127 

O GND 

128 

O NC 

129 

O NC 

130 

O NC 

131 

O NC 

132 

«* O PDE 

133 

O Vcc 

134 

O NC 

135 

O NC 

136 

—HD I/O 54 

137 

—HD I/O 55 

138 

0 GND 

139 

— HD I/O 56 

140 

—HD I/O 57 

141 

— HD I/O 58 

142 

—HD I/O 59 

143 

O Vcc 

144 

—HD I/O 60 

145 

ONC 

146 

ONC 

147 

ONC 

148 

ONC 

149 

—HD I/O 61 

150 

—HD I/O 62 

151 

—HO I/O 63 

152 

0 GND 

153 

—HD I/O 64 

154 

—HD I/O 65 

155 

—HD I/O 66 

156 

—HD I/O 67 

157 

O Vcc 

158 

—HD I/O 68 

159 

— HD I/O 69 

160 

—HO I/O 70 

161 

—HD I/O 71 

162 

O GND 

163 

HD PD2 

164 

HD PD4 

165 

HD PD6 

166 

HD PD8 

167 

OID1 

168 

O Vcc 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 

1/0 8 
GND 
1/0 9 
1/010 
I/O 11 
I/O 12 
I/O 13 
Vcc 
I/O 14 
I/O 15 
I/O 16 
I/O 17 
GND 
NC 
NC 
Vcc 

Mo 

CASO 

NC 

R ASP 

OEO 

GND 

AO 

A2 

A4 

A6 

A8 

A10 

NC 

Vcc 


NC 

NC 

GND 

0112 

n‘A*S2 

CA54 

NC 

WE2 

Vcc 


NC 
NC 
I/O 18 
I/O 19 
GND 
I/O 20 
1/0 21 
1/0 22 
1/0 23 


Vcc 
1/0 24 
NC 
NC 
NC 
NC 
1/0 25 
1/0 26 
1/0 27 
GND 
1/0 28 
1/0 29 
1/0 30 
1/0 31 
Vcc 


1/0 32 
1/0 33 
1/0 34 
1/0 35 
GND 
PD1 
PD3 
PD5 
PD7 
IDO 


Vcc 



PD and ID Table 


Pin 

Name 

Pin 

No. 

Access Time 

60 ns 

70 ns 

80 ns 

PD1 

79 

H 

H 

H 

PD2 

163 

L 

L 

L 

PD3 

80 

L 

L 

L 

PD4 

164 

H 

H 

H 

PD5 

81 

L 

L 

L 

PD6 

165 

H 

L 

H 

PD7 

82 

H 

H 

L 

PD8 

166 

L 

L 

L 

IDO 

83 

GND 

GND 

GND 

ID1 

167 

GND 

GND 

GND 


Remark H : Voh, L : Vol 


AO - A10, BO 

Address Inputs 

I/O 0 - I/O 71 

Data Inputs/Outputs 

RASO, RAS2 

Row Address Strobe 

CASO, CAS4 

Column Address Strobe 

WEO, WE2 

Write Enable 

OEO, OE2 

Output Enable 

PDE 

Presence Detect Enable 

PD1 - PD8 

Presence Detect Pins 

IDO, ID1 

Identity Pins 

Vcc 

Power Supply 

GND 

Ground 

NC 

No connection 
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Electrical Specifications Notes 1 » 2 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-0.5 to +4.6 

V 

Supply voltage 

Vcc 


-0.5 to +4.6 

V 

Output current 

lo 


20 

mA 

Power dissipation 

Pd 


11 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


3.0 

3.3 

3.6 

V 

High level input voltage 

VlH 


2.0 


Vcc + 0.3 

V 

Low level input voltage 

VlL 


-0.3 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - A10, B0 



20 

PF 

Cl2 

WE0, WE2 



20 

Cl3 

RAS0, RAS2 



50 

Cu 

CAS0, CAS4 



20 

Cl5 

OEO, OE2 



20 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/071 




20 

pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRAC 

= 60 ns 


910 

mA 

3, 4, 7 



tRC = tRC (MIN.) 

lo = 0 mA 

tRAC 

= 70 ns 


820 





tRAC 

= 80 ns 


730 



Standby current 

ICC2 

RAS, CAS > Vih (min.) 

lo = 

0 mA 


82 

mA 




RAS, CAS > Vcc - 0.2 V 

lo = 

0 mA 


41 



RAS only refresh current 

ICC3 

RAS Cycling 

tRAC 

= 60 ns 


910 

mA 

3, 4, 5, 7 



CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC 

= 70 ns 


820 





tRAC 

= 80 ns 


730 



Operating current 

ICC4 

RAS < Vikmax.), CAS Cycling 

tRAC 

= 60 ns 


640 

mA 

3, 4, 6 

(Fast page mode) 


tPC = tPC (MIN.) 

tRAC 

= 70 ns 


550 





lo = 0 mA 

tRAC 

= 80 ns 


460 



CAS before RAS 

ICC5 

RAS Cycling 

tRAC 

= 60 ns 


910 

mA 

3, 4 

refresh current 


tRC = tRC (MIN.) 

tRAC 

= 70 ns 


820 





lo = 0 mA 

tRAC 

= 80 ns 


730 



Input leakage current 

ll (L) 

Vi = 0 to 3.6 V 


RAS 

-5 

+5 

M 




All other pins not under test = 

= 0 V 

Others 

-5 

+ 1 



Output leakage current 

10 <L) 

Vo = 0 to 3.6 V 

Output is disabled (Hi-Z) 

-5 

+5 

fiA 


High level output voltage 

< 

O 

X 

lo = -2.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +2.0 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 ' 9 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Read Modify Write Cycle Time 

tRWC 

173 


195 


215 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Read Modify Write Cycle Time (Fast Page Mode) 

tPRWC 

85 


90 


100 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


20 


23 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


35 


40 


45 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


40 


45 


50 

ns 

11 

Access Time from OE 

tOEA 


20 


23 


25 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

OE to Data Setup Time 

tOLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

13 

0 

15 

0 

15 

ns 

12 

OE to Data Delay Time 

tOED 

13 


15 


15 


ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

13 

0 

15 

0 

15 

ns 

12 

OE Hold Time 

tOEH 

0 


0 


0 


ns 


OE Lead Time Referenced to RAS 

tOES 

0 


0 


0 


ns 


Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

45 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 


50 


ns 


Row Address Setup Time 

tASR 

5 


5 


5 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 

i 

10 


15 


ns 

15 

WE Pulse Width 

tWP 

10 


10 


15 


ns 

15 
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Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS to WE Delay Time 

tCWD 

38 


43 


45 


ns 

17 

RAS to WE Delay Time 

tRWD 

93 


105 


115 


ns 

17 

CAS Precharge to WE Delay Time 

tCPWD 

58 


65 


70 


ns 

17 

Column Address to WE Delay Time 

tAWD 

58 


65 


70 


ns 

17 

WE Lead Time Referenced to RAS 

tRWL 

25 


25 


25 


ns 


WE Lead Time Referenced to CAS 

tCWL 

15 


15 


15 


ns 


CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 

32 

15 

1 

r 32 

15 


ns 


Refresh Time 

tREF 



32 

ms 



Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 fis and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRC and tpc). 

4 . Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


Vih imin) = 2.0 V 
Vil (max.i = 0.8 V 

tT = 5 ns tT = 5 ns 



(2) Output timing specification 


VOH (MIN) = 2.0 V 
VOL (MAX) = 0.8 V 


265 





NEC 


MC-422000LAB72F 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX ) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRco (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tCAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD<MAx.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (max.) and toEZ(MAx.) define the time at which the output achieves the condition of Hi-Z and 
are not referenced to Voh or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH <min.) should be met in read cycles. 

15. twp (min.) is applied to late write cycles or read modify write cycles. In early write cycles, twcmMiN.) 
should be met. 

16. tes (min.) and ton <min.) are referenced to the CAS falling edge in early write cycles. In late write 
cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD > tRWD (min.), tcwD > tcwD(MiN.), tAWD > tAWDtMiN.) and tcpwD> tcpwD(MiN.), the cycle 
is read modify write cycle and the data out will contain data read from theselected cell. If neither 
of the above conditions is met, the state of the data out is indeterminate. 
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DATA SHEET 


MOS INTEGRATED CIRCUIT 

MC-424000AB72F 


4 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE (ECC) 


Description 

The MC-424000AB72F is a 4,194,304 words by 72 bits dynamic RAM module on which 18 pieces of 16 M 
DRAM: /zPD4217400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 4,194,304 words by 72 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-424000AB72-60 

60 ns 

110 ns 

10.73 W 

430 mW 

(CMOS level input) 

MC-424000AB72-70 

70 ns 

130 ns 

9.79 W 

MC-424000AB72-80 

80 ns 

150 ns 

8.84 W 


• 2,048 refresh cycles/32 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-424000AB72F-60 

60 ns 

168-pin Dual In-line Memory Module 

18 pieces of /1PD4217400G3 

MC-424000AB72F-70 

70 ns 

(Socket Type) 

(300 mil TSOP(II)) 

MC-424000AB72F-80 

80 ns 

Edge connector: Gold plating 

[Double side] 


The information in this document is subject to change without notice. 


IC-3598 (Japan) 
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Pin Configuration 


168 -pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 


V o 


85 

O GND 

86 

h O I/O 36 

87 

*0 I/O 37 

88 

< KD I/O 38 

89 

*0 I/O 39 

90 

O Vcc 

91 

■* — *0 I/O 40 

92 

»0 I/O 41 

93 

*0 I/O 42 

94 

K5 I/O 43 

Cl 


95 

-« — »-0 I/O 44 

96 

O GND 

97 

■* — *0 I/O 45 

98 

MD I/O 46 

99 

O I/O 47 

100 

** — *0 I/O 48 

101 

■* — I/O 49 

102 

O Vcc 

103 

*0 I/O 50 

104 

I/O 51 

105 

«•— -o I/O 52 

106 

«•— ►€> I/O 53 

107 

O GND 

100 

O NC 

109 

0 NC 

110 

O Vcc 

111 

O NC 

112 

O NC 

113 

O NC 

114 

O NC 

115 

O NC 

116 

0 GND 

117 

•* o A1 

118 

■* o A3 

119 

O A5 

120 

■* o A7 

121 

-* O A9 

122 

0 NC 

123 

O NC 

124 

O Vcc 

CZ 


125 

O NC 

126 

O B 0 

127 

O GND 

128 

O NC 

129 

O NC 

130 

O NC 

131 

O NC 

132 

o PDE 

133 

0 Vcc 

134 

O NC 

135 

O NC 

136 

- — -o l/o 54 

137 

■* — *0 I/O 55 

138 

O GND 

139 

— »-0 I/O 56 

140 

-O I/O 57 

141 

-*— » HD I/O 58 

142 

— *0 I/O 59 

143 

O Vcc 

144 

•*— > *0 l/o 60 

145 

o NC 

146 

O NC 

147 

O NC 

148 

O NC 

149 

< K> I/O 61 

150 

— *0 I/O 62 

151 

+-+0 I/O 63 

152 

O GND 

153 

I/O 64 

154 

*0 I/O 65 

155 

-*-*0 I/O 66 

156 

—+0 I/O 67 

157 

O Vcc 

158 

■*-*►0 I/O 68 

159 

1 K> I/O 69 

160 

— *0 I/O 70 

161 

«*— *-€> I/O 71 

162 

O GND 

163 

-OPD2 

164 

*-0 PD4 

165 

*0 PD6 

166 

-O PD8 

167 

0 ID1 

168 

O Vcc 


o 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 

1/0 8 
GND 
1/0 9 
I/O 10 
1/0 11 
I/O 12 
I/O 13 
Vcc 
I/O 14 
I/O 15 
I/O 16 
I/O 17 
GND 
NC 


WEO 

CASO 

NC 

R ASP 

OEO 

GND 

AO 

A2 

A4 

A6 

A8 

A10 

NC 

Vcc 


NC 

NC 

GND 

OEJ 


NC 

WE2 
Vcc 
NC 
NC 
I/O 10 
I/O 19 
GND 
1/0 20 
1/0 21 
1/0 22 
I/O 23 
Vcc 
1/0 24 
NC 
NC 
NC 
NC 
1/0 25 
1/0 26 
1/0 27 
GND 
1/0 28 
1/0 29 
1/0 30 
1/0 31 
Vcc 
1/0 32 
1/0 33 
1/0 34 
1/0 35 
GND 
PD1 
PD3 
PD5 
PD7 
IDO 
Vcc 



PD and ID Table 


Pin 

Name 

Pin 

No. 

Access Time 

60 ns 

70 ns 

80 ns 

PD1 

79 

H 

H 

H 

PD2 

163 

H 

H 

H 

PD3 

80 

L 

L 

L 

PD4 

164 

H 

H 

H 

PD5 

81 

L 

L 

L 

PD6 

165 

H 

L 

H 

PD7 

82 

H 

H 

L 

PD8 

166 

L 

L 

L 

IDO 

83 

GND 

GND 

GND 

ID1 

167 

GND 

GND 

GND 


Remark H : Voh, L : Vol 


AO - A10, B0 

Address Inputs 

I/O 0 - I/O 71 

Data Inputs/Outputs 

RASO, RAS2 

Row Address Strobe 

CASO, CAS4 

Column Address Strobe 

WEO, WE2 

Write Enable 

OEO, OE2 

Output Enable 

PDE 

Presence Detect Enable 

PD1 - PD8 

Presence Detect Pins 

IDO, ID1 

Identity Pins 

Vcc 

Power Supply 

GND 

Ground 

NC 

No connection 
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Block Diagram 


I/O 4 CAS RAS WE OE 

1/03 DO 
I/O 2 

I/O 1 


I/O 1 CAS RAS WE OE 
I/O 2 

D9 

I/O 3 
1/0 4 


I/O 4 CAS RAS WE OE 

1/03 D1 
1/0 2 

I/O 1 


I/O 1 CAS RAS WE OE 

1/02 DIO 
1/0 3 

1/0 4 


I/O 4 CAS RAS WE OE 

1/03 D2 
I/O 2 

I/O 1 


I/O 44 CM *-1/0 1 CAS RAS WE OE 

I/O 45 cm -1/0 2 

I/O 46 CM I/O 3 

I/O 47 (M I/O 4 


I/O 4 CAS RAS WE OE 
I/O 3 

D3 

I/O 2 
I/O 1 


I/O i CAS RAS WE OE 
I/O 2 

D12 

1/0 3 
1/0 4 


CAS RAS WE OE 


I/O i CAS RAS WE OE 
I/O 2 

D13 

1/0 3 
1/0 4 


I/O 4 CAS RAS WE OE 

1/03 D5 
I/O 2 

I/O 1 


CAS RAS WE OE 


I/O 4 CAS RAS WE OE 
!/° 3 

D6 

I/O 2 
1/0 1 


I/O 1 CAS RAS WE OE 
I/O 2 

1/0 3 015 

1/0 4 


I/O 4 CAS RAS WE OE 

1/03 D7 
I/O 2 

I/O 1 


1/0 1 

CAS RAS WE OE 

1/0 2 

D16 

1/0 3 

1/0 4 



I/O 4 CAS RAS WE OE 
1/0 3 


I/O i CAS RAS WE OE 

1/02 D17 

1/0 3 

1/0 4 


AO c 
BOC 
A1 - A10C 


■ A0:D0-D8 
• A0:D9-D17 
- D0-D17 


Remark DO - D17 : /iPD4217400 


PDEC 
PD1 -PD8C 
IDO, ID1 c 
VccC 
GNDC 


] VccorGND 

NCorGND 

D0-D17 

IC0-C17 

D0-D17 
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Electrical Specifications Notes 1 » 2 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


20 

W 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.75 

5.0 

5.25 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cm 

A0 - A10, B0 



20 

pF 


Cl2 

WE0, WE2 



20 



Cl3 

RAS0, RAS2 



78 



Cl4 

CAS0, CAS4 



20 



Cl5 

OEO, OE2 



20 


Data Input/Output capacitance 

Ci/o 

1/00 - 1/071 



20 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


2,044 

mA 

3, 4, 7 

tRAC = 70 ns 


1,864 

tRAc = 80 ns 




1,684 

Standby current 

ICC2 

RAS, CAS > Vih (min.) lo = 0 mA 


100 

mA 


RAS, CAS > Vcc - 0.2 V lo = 0 mA 


82 

RAS only refresh current 

ICC3 

RAS Cycling 

tRAc = 60 ns 


2,044 

mA 

3, 4, 5, 7 

CAS > Vih <min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


1,864 

tRAc = 80 ns 


1,684 

Operating current 
(Fast page mode) 

ICC4 

RAS < Vil (max.), CAS Cycling 

tPC = tPC (MIN.) 

lo = 0 mA 

tnAc = 60 ns 


1,324 

mA 

CO 

CO 

tRAc = 70 ns 


1,144 

tRAc = 80 ns 


964 

CAS before RAS 

refresh current 

ICC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


2,044 

mA 

3, 4 

tRAc = 70 ns 


1,864 

tRAc = 80 ns 


1,684 

Input leakage current 

ll(L) 

Vi = 0 to 5.5 V 

All other pins not under test = 0 V 

RAS 

-10 

+10 

HA 


Others 

-5 

+1 

Output leakage current 

10 (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

HA 


High level output voltage 

VoH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 ' 9 


Parameter 

Symbol 

tRAC 

= 60 ns 

tRAC 

= 70 ns 

tRAC 

= 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Read Modify Write Cycle Time 

tRWC 

175 


195 


220 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Read Modify Write Cycle Time (Fast Page Mode) 

tPRWC 

85 


90 


105 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


20 


23 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


35 


40 


45 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


40 


45 


50 

ns 

11 

Access Time from OE 

tOEA 


20 


23 


25 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

OE to Data Setup Time 

tOLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

15 

0 

20 

ns 

12 

OE to Data Delay Timo 

tOED 

15 


15 


20 


ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

15 

0 

15 

0 

20 

ns 

12 

OE Hold Time 

tOEH 

0 


0 


0 


ns 


OE Lead Time Referenced to RAS 

tOES 

0 


0 


0 


ns 


Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

40 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 


50 


ns 


Row Address Setup Time 

tASR 

5 


5 


5 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

WE Pulse Width 

tWP 

10 


10 


15 


ns 

15 
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Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS to WE Delay Time 

tCWD 

40 


43 


50 


ns 

17 

RAS to WE Delay Time 

tRWD 

95 


105 


120 


ns 

17 

CAS Precharge to WE Delay Time 

tCPWD 

58 


65 


70 


ns 

17 

Column Address to WE Delay Time 

tAWD 

60 


65 


75 


ns 

17 

WE Lead Time Referenced to RAS 

tRWL 

25 


25 


25 


ns 


WE Lead Time Referenced to CAS 

tCWL 

15 


15 


15 


ns 


CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

twSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


32 


32 


32 

ms 



Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih iminj. 

8. AC measurements assume tr = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


Vih (min.) = 2.4 V 
Vil (max) = 0.8 V 

tT = 5 ns tT = 5 ns 

(2) Output timing specification 



VOH (MIN.) = 2.4 V 
VOL (MAX.) = 0.4 V 


275 




NEC 


MC-424000AB72F 


10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD ( max.) and tRCD ( max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tCAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. toFF (max.) and toEZ(MAx.) define the time at which the output achieves the condition of Hi-Z and 
are not referenced to Voh or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH <min.) or tRRH (min.) should be met in read cycles. 

15. twp (min.) is applied to late write cycles or read modify write cycles. In early write cycles, twcH(MiN.) 
should be met. 

16. tDs (min.) and tDH (min.) are referenced to the CAS falling edge in early write cycles. In late write 
cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD > tRWD (min.j, tcwD > tcwD<MiN.), tAWD > tAWD (min.) and tcpwD > tcpwD(MiN.), the cycle 
is read modify write cycle and the data out will contain data read from the selected cell. If neither 
of the above conditions is met, the state of the data out is indeterminate. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 



Q — i im mnf u iiiiiiiiiiiiiiiiiiiiiim nim u 1 1 m 1 1 1 1 un i i n ri 1 mm 1 1 1 n u in 1 1 n 1 1 n i Q 



detail of ® part 



detail of ® part 

c 

ifLlj 



P 



D 



ITEM 

MILLIMETERS 

INCHES 

A 

133.35±0.13 

5.2510.006 

B 

11.43 

0.450 

C 

36.83 

1.450 

D 

6.35 

0.250 

E 

54.61 

2.150 

G 

6.35 

0.250 

H 

1.27 (T.P.) 

0.050 (T.P.) 

1 

8.89 

0.350 

J 

23.495 

0.925 

K 

42.18 

1.661 

L 

17.78 

0.700 

M 

25.4 

1.000 

N 

4.0 MAX. 

0.158 MAX. 

P 

1.0 

0.039 

Q 

R2.0 

R0.079 

R 

4.0±0.1 

0 

on 

~vj 

1 + 
oo 
ob 
oo 
■ucn 

S 

03.0 

00.118 

T 

1.27±0.1 

0.0510.004 

U 

4.0 MIN. 

0.157 MIN. 

V 

0.25 MAX. 

0.010 MAX. 

w 

1.010.05 

0.03910.002 

X 

2.54 MIN. 

0.100 MIN. 

Y 

3.0 MIN. 

0.118 MIN. 

z 

3.0 MIN. 

0.118 MIN. 
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DATA SHEET 



MOS INTEGRATED CIRCUIT 

MC-424000AC72F 


4 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE (ECC) 


Description 

The MC-424000AC72F is a 4,194,304 words by 72 bits dynamic RAM module on which 18 pieces of 16 M 
DRAM: /zPD4216400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• 4,194,304 words by 72 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

MC-424000AC72-60 

60 ns 

110 ns 

8.84 W 

430 mW 

(CMOS lovol input) 

MC-424000AC72-70 

70 ns 

130 ns 

7.90 W 

MC-424000AC72-80 

80 ns 

150 ns 

6.95 W 


• 4,096 refresh cycles/64 ms 

• CAS before RAS refresh, RAS only refresh. Hidden refresh 

• 168-pin dual in-line memory module {Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-424000AC72F-60 

60 ns 

168-pin Dual In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

18 pieces of /zPD4216400G3 

(300 mil TSOP(II)) 
[Double side] 

MC-424000AC72F-70 

70 ns 

MC-424000AC72F-80 

80 ns 


The information in this document is subject to change without notice. 


) (Japan) 
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Pin Configuration 


168 -pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 




PD and ID Table 


Pin 

Name 

Pin 

No. 

Access Time 

60 ns 

70 ns 

80 ns 

PD1 

79 

H 

H 

H 

PD2 

163 

H 

H 

H 

PD3 

80 

L 

L 

L 

PD4 

164 

H 

H 

H 

PD5 

81 

L 

L 

L 

PD6 

165 

H 

L 

H 

PD7 

82 

H 

H 

L 

PD8 

166 

L 

L 

L 

IDO 

83 

GND 

GND 

GND 

ID1 

167 

GND 

GND 

GND 


Remark H : Voh, L : Vol 


A0 - All, B0 

Address Inputs 

I/O 0 - I/O 71 

Data Inputs/Outputs 

RAS0, RAS2 

Row Address Strobe 

CAS0, CAS4 

Column Address Strobe 

WE0, WE2 

Write Enable 

OEO, OE2 

Output Enable 

PDE 

Presence Detect Enable 

PD1 - PD8 

Presence Detect Pins 

IDO, ID1 

Identity Pins 

Vcc 

Power Supply 

GND 

Ground 

NC 

No connection 
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Block Diagram 


I/O 4 CAS RAS WE OE 

1/03 DO 
I/O 2 

I/O 1 


I/O 1 CAS RAS WE OE 

1/02 D9 
I/O 3 

1/0 4 


I/O 4 CAS RAS WE OE 

1/03 D1 
1/0 2 

I/O 1 


I/O 1 CAS RAS WE OE 
l/° 2 

DIO 

1/0 3 
1/0 4 


I/O 4 CAS RAS WE OE 
I/O 3 

D2 

I/O 2 
I/O 1 


I/O 44 O- 
I/O 45 CH- 
I/O 40 O— 
I/O 47 o- 


CAS RAS WE OE 


I/O 4 CAS RAS WE OE 
t/O 3 

D3 

I/O 2 
1/0 1 


I/O 40 (>-* — - I/O 1 CAS MAS WE OE 
I/O 49 CH - -1/0 2 

1/0 50 0- -1/0 3 2 

I/O 51 o- I/O -1 


I/O 4 CAS RAS WE OE 

1/03 D4 
1/0 2 

I/O 1 


I/O i CAS RAS WE OE 
1/0 2 

D13 

1/0 3 
1/0 4 


I/O 20 O— 
I/O 21 ch- 
1/0 22 o— 
I/O 23 o— 


CAS RAS WE OE 


I/O 1 CAS RAS WE OE 
!/° 2 

D1 4 

1/0 3 
1/0 4 


I/O 4 CAS RAS WE OE 
!/° 3 

D6 

I/O 2 
I/O 1 


I/O 1 CAS RAS WE OE 
!/0 2 

D15 

1/0 3 
1/0 4 


I/O 4 CAS RAS WE OE 

1/03 D7 
I/O 2 

I/O 1 


I/O 1 CAS RAS WE OE 

1/02 D16 

1/0 3 

1/0 4 


I/O 4 CAS RAS WE OE 
I/O 3 


I/O 1 CAS RAS WE OE 

1/02 D17 

1/0 3 

1/0 4 


■ AO: D9-D17 


Remark DO - D17 : uPD4216400 










NEC 


MC-424000AC72F 


Electrical Specifications Notes 1 * 2 
Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltago on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


20 

W ; 

Operating ambient temperature 

Ta 


0 to +70 

°C 

Storage temperature 

Tstg 


-55 to +125 

°C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.75 

5.0 

5.25 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

°C 


Capacitance (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - All, B0 



20 

PF 

Cl2 

WE0, WE2 



20 

Cl3 

RAS0, RAS2 



78 

Cl 4 

CAS0, CAS4 



20 

Cl5 

OEO, OE2 



20 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/071 



20 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRAC 

= 60 ns 


1,684 





tRC = tRC (MIN.) 

lo = 0 mA 

tRAC 

= 70 ns 


1,504 

mA 

3, 4, 7 



tRAC 

= 80 ns 


1,324 



Standby current 

ICC2 

RAS, CAS > Vih (min.) 

lo = 

0 mA 


100 

mA 




RAS, CAS > Vcc - 0.2 V 

lo = 

0 mA 


82 


RAS only refresh current 

ICC3 

RAS Cycling 

tRAC 

= 60 ns 


1,684 





CAS > Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC 

= 70 ns 


1,504 

mA 

3, 4, 5, 7 



tRAC 

= 80 ns 


1,324 



Operating current 

ICC4 

RAS < Vil (max.), CAS Cycling 

tRAC 

= 60 ns 


1,324 



(Fast page mode) 


tPC = tPC (MIN.) 

tRAC 

= 70 ns 


1,144 

mA 

3, 4, 6 



lo = 0 mA 

tRAC 

= 80 ns 


964 



CAS before RAS 

ICC5 

RAS Cycling 

tRAC 

~ 60 ns 


1,684 



refresh current 


tRC = tRC (MIN.) 

tRAC 

^70 ns 


1,504 

mA 

3, 4 



lo = 0 mA 

tRAC 

■ ■ 80 ns 


1,324 



Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 


RAS 

-10 

* 10 

M 




All other pins not undor tost =-> 0 V 

Others 

-5 

♦ 1 


Output leakage current 

l0 (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

- 10 

+10 

liA 


High leveJ output voltage 

VOH 

lo = -5.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo = +4.2 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 ' 9 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Read Modify Write Cycle Time 

tRWC 

175 


195 


220 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Read Modify Write Cycle Time (Fast Page Mode) 

tPRWC 

85 


90 


105 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


20 


23 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


35 


40 


45 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


40 


45 


50 

ns 

11 

Access Time from OE 

tOEA 


20 


23 


25 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

OE to Data Setup Time 

tOLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

15 

0 

20 

ns 

12 

OE to Data Delay Time 

tOED 

15 


15 


20 


ns 


Output Buffor Turn-off Delay Timo from OE 

tOEZ 

0 

15 

0 

15 

0 

20 

ns 

12 

OE Hold Time 

tOEH 

0 


0 


0 


ns 


OE Lead Time Referenced to RAS 

tOES 

0 


0 


0 


ns 


Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tRP 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tRSH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tCSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

40 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


5 


5 


ns 

13 

CAS Prechargo Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tCP 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 


50 


ns 


Row Address Setup Time 

tASR 

5 


5 


5 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

WE Pulse Width 

tWP 

10 


10 


15 


ns 

15 
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Parameter 

Symbol 

tRAc = 60 ns 

tRAc = 70 ns 

tRAc = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Data-in Setup Time 

tDS 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twes 

0 


0 


0 


ns 

17 

CAS to WE Delay Time 

tCWD 

40 


43 


50 


ns 

17 

RAS to WE Delay Time 

tRWD 

95 


105 


120 


ns 

17 

CAS Precharge to WE Delay Time 

tCPWD 

58 


65 


70 


ns 

17 

Column Address to WE Delay Time 

tAWD 

60 


65 


75 


ns 

17 

WE Lead Time Referenced to RAS 

tRWL 

25 


25 


25 


ns 


WE Lead Time Referenced to CAS 

tcwi 

15 


15 


15 


ns 


CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

twSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tREF 


64 


64 


64 

ms 



Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 as and then, execute eight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRc and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS < Vil 
(max.) and CAS > Vih (min.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 



tT = 5 ns tT = 5 ns 


(2) Output timing specification 


VOH (MIN.) = 2.4 V 
VOL (MAX.) = 0.4 V 
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10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD < tRAD (MAX.) and tRCD < tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD < tRCD (MAX.) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX.) 

tRCD + tCAC (MAX.) 


tRAD (max.) and tRCD (max.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD > tRAD (max.) 
and tRCD > tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. toFF (max.) and toEz<MAx.) define the time at which the output achieves the condition of Hi-Z and 
are not referenced to Voh or Vol. 

13. tcRP (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH imin.) or tRRH (min.) should be met in read cycles. 

15. twp (min.) is applied to late write cycles or read modify write cycles. In early write cycles, twcH<MiN.) 
should be met. 

16. tDs (min.) and tDH <min.) are referenced to the CAS falling edge in early write cycles. In late write 
cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs > twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD >tRWD(MiN.>, tcwD > tcwD(MiN.), tAWD > tAWD (min.) and tcpwD > tcpwD (min.), the cycle 
is read modify write cycle and the data out will contain data read from the selected cell. If neither 
of the above conditions is met, the state of the data out is indeterminate. 
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Timing Chart 

Please refer to Timing Chart 7, page 429. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 



q iiiiiinni u iniiiniiiniinTniHiTiTmij - 





ITEM 

MILLIMETERS 

INCHES 

A 

1 33.35±0.13 

5.25±0.006 

B 

11.43 

0.450 

C 

36.83 

1.450 

D 

6.35 

0.250 

E 

54.61 

2.150 

G 

6.35 

0.250 

H 

1.27 (T.P.) 

0.050 (T.P.) 

1 

8.89 

0.350 

J 

23.495 

0.925 

K 

42.18 

1.661 

L 

17.78 

0.700 

M 

25.4 

1.000 

N 

4.0 MAX. 

0.158 MAX. 

P 

1.0 

0.039 

Q 

R2.0 

R0.079 

R 

4.0±0.1 

n -1 cy+0.005 
U15/ -0.004 

S 

03.0 

00.118 

T 

1.27±0.1 

0.05±0.004 

U 

4.0 MIN. 

0.157 MIN. 

V 

0.25 MAX. 

0.010 MAX. 

w 

1.0±0.05 

0.039±0.002 

X 

2.54 MIN. 

0.100 MIN. 

Y 

3.0 MIN. 

0.118 MIN. 

z 

3.0 MIN. 

0.118 MIN. 
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PRRELIMINARY DATA SHEET 


MOS INTEGRATED CIRCUIT 

MC-424000LAB72F 


3.3 V OPERATION 4 M-WORD BY 72-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE (ECC) 


Description 

The MC-424000LAB72F is a 4,194,304 words by 72 bits dynamic RAM module on which 18 pieces of 16 M 
DRAM: pPD4217400L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply lino for noiso reduction. 

Features 

• 4,194,304 words by 72 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-424000LAB72-A60 

60 ns 

110 ns 

6.52 W 

180 mW 

(CMOS level input) 

MC-424000LAB72-A70 

70 ns 

130 ns 

5.87 W 

MC-424000LAB72-A80 

80 ns 

150 ns 

5.22 W 


• 2,048 refresh cycles/32 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 

Ordering Information 


Part number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC-424000LAB72F-A60 

60 ns 

168-pin Dual In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

18 pieces of /*PD4217400LG3 

(300 mil TSOP(II)) 
[Double side] 

MC-424000LAB72F-A70 

70 ns 

MC-424000LAB72F-A80 

80 ns 


The information in this document b subject to change without notice. 


M 1 0520EJ5V0DS00 (Japan) 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 
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GND 
1/0 36 
I/O 37 
I/O 38 
1/0 39 
Vcc 
1/040 
1/0 41 
1/042 
1/043 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 


1/0 8 
GND 
1/0 9 
1/0 10 
1/0 11 
1/012 
1/0 13 
Vcc 


A2 

A4 

A6 

A8 

A10 

NC 

Vcc 



PD and ID Table 


Pin 

Pin 

Access Time | 

Name 

No. 

60 ns 

70 ns 

80 ns 

PD1 

79 

H 

H 

H 

PD2 

163 

H 

H 

H 

PD3 

80 

L 

L 

L 

PD4 

164 

H 

H 

H 

PD5 

81 

L 

L 

L 

PD6 

165 

H 

L 

H 

PD7 

82 

H 

H 

L 

PD8 

166 

L 

L 

L 

IDO 

83 

GND 

GND 

GND 

ID1 

167 

GND 

GND 

GND 

Remark H 

: Voh, 

L: Vol 



AO - A10, BO : Address Inputs 
I/O 0 - I/O 71 : Data Inputs/Outputs 
RASO, RAS2 : Row Address Strobe 
CAS O, CAS4 : Column Address Strobe 
WEO , WE2 : Write Enable 

OEO, 0E2 : Output Enable 

PDE : Presence Detect Enable 

PD1 - PD8 : Presence Detect Pins 

IDO, ID1 : Identity Pins 

Vcc : Power Supply 

GND : Ground 

NC : No connection 






Block Diagram 



I/O 4 CAS RAS WE OE 

1/0 3 rxn 

DO 

1/0 2 
1/0 1 


I/O i CAS RAS WE OE 
I/O 2 

1/0 3 09 

1/0 4 


1/0 4 CAS RAS WE OE 

1/03 D1 
1/0 2 

1/01 


I/O i CAS RAS WE OE 
1/0 2 

DIO 

1/0 3 
1/0 4 


,/0 4 CAS RAS WE OE 

1/03 D2 
I/O 2 

1/0 1 


I/O i CAS RAS WE OE 

1/02 Dll 
1/03 

1/0 4 


I/O 4 CAS RAS WE OE 

1/03 D3 
I/O 2 

1/01 


I/O i CAS RAS WE OE 
1/0 2 

D12 

1/0 3 
1/0 4 


I/O 4 CAS RAS WE OE 
!/0 3 

D4 

1/0 2 
1/01 


I/O 1 CAS RAS WE OE 
1/02 

D13 

1/0 3 
1/0 4 


I/O 4 CAS RAS WE OE 

1/03 D5 
1/0 2 

1/01 


I/O i CAS RAS WE OE 

1/02 D14 

I/O 3 

1/0 4 


1/0 4 

CAS RAS WE OE 

1/0 3 

D6 

1/0 2 

1/01 



I/O 60 o-* ► I/O 1 CAS R AS WE OE 

I/O 61 o-i I/O 2 

I/O 62 o* I/O 3 

I/O 63 O-* ► I/O 4 


1/0 4 CAS RAS WE OE 

1/03 D7 
I/O 2 

1/01 


1/0 64 0-*- 
1/0 65 o*<— 
1/0 66 0 -*- 
1/0 67 o-*~ 


1/01 

CAS RAS WE OE 

1/0 2 

D16 

1/0 3 

1/0 4 



,/ 0 4 CAS RAS WE OE 
I/O 3 

D8 

1/0 2 
1/01 


I/O i CAS RAS WE OE 

1/02 D17 

1/0 3 

1/0 4 


AO c 
BOc 
A1-A10C 


* AO : DO - D8 

- AO : D9- D17 

- DO- D17 


Remark DO - D17 : juPD4217400L 


PDEc 
PD1-PD8C 
IDO, ID1 c 
VccC 
GNDC 


Vcc or GND 
NC or GND 
■ D0-D17 
-D0-D17 
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Electrical Specifications Notes 1 » 2 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-0.5 to +4.6 

V 

Supply voltage 

Vcc 


-0.5 to +4.6 

V 

Output current 

lo 


20 

mA 

Power dissipation 

Pd 


20 

W 

Operating ambient temperature 

Ta 


0 to +70 

•c 

Storage temperature 

T*tg 


-55 to +125 

*C 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltngo 

Vcc 


3.0 

3.3 

3.6 

V 

High level input voltage 

VlH 


2.0 


Vcc + 0.3 

V 

Low lovol input voltage 

VlL 


-0.3 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

•c 


Capacitance (Ta = 25 *C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0- A10, B0 



20 

PF 

C|2 

WE0, WE2 



20 

C|3 

RAS0, RAS2 



78 

C|4 

CAS0, CAS4 



20 

CtB 

OEO, OE2 



20 

Data Input/Output capacitance 

Cvo 

1/00 - 1/071 



20 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc ss 60 ns 


1,810 

mA 

3, 4,7 

tRAc = 70 ns 


1,630 

tRAc = 80 ns 


1,450 

Standby current 

ICC2 

RAS, CAS £ Vih (min.) lo = 0 mA 


100 

mA 


RAS, CAS 2 Vcc - 0.2 V lo = 0 mA 


50 

RAS only refresh current 

lcC3 

RAS Cycling 

tRAc = 60 ns 


1,810 

mA 

3, 4, 5, 7 

CAS £ Vih (min.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc = 70 ns 


1,630 

tRAc = 80 ns 


1,450 

Operating current 
(Fast page mode) 

lcC4 

RAS £ Vil (max.), CAS Cycling 

tPC = tPC (MIN.) 

lo = 0 mA 

tRAc = 60 ns 


1,270 

mA 

3, 4,6 

tRAc = 70 ns 


1,090 

tp\Ac = 80 ns 


910 

CAS before RAS 

refresh current 

Ices 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAc a 60 ns 


1,810 

mA 

3,4 

tiiAc a 70 ns 


1,630 

tivAc i- 80 ns 


1,4B0 

Input leakage current 

ll(L) 

Vi = 0 to 3.6 V 

All other pins not undor tost - 0 V 

RAS 

-B 

+B 

/<A 


Others 

-B 

+ 1 

Output leakage current 

l0(L) 

Vo = 0 to 3.6 V 

Output is disabled (Hi-Z) 

-B 

+5 

mA 


High level output voltage 

VoH 

lo = -2.0 mA 

2.4 


V 


Low level output voltage 

VOL 

lo a* +2.0 mA 


0.4 

V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8 ' 9 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Read/Write Cycle Time 

tRC 

110 


130 


150 


ns 


Read Modify Write Cycle Time 

tRWC 

176 


195 


220 


ns 


Fast Page Mode Cycle Time 

tPC 

40 


45 


50 


ns 


Read Modify Write Cycle Time (Fast Page Mode) 

tPRWC 

86 


90 


105 


ns 


Access Time from RAS 

tRAC 


60 


70 


80 

ns 

10, 11 

Access Time from CAS 

tCAC 


20 


23 


25 

ns 

10, 11 

Access Time Column Address 

tAA 


35 


40 


45 

ns 

10, 11 

Access Time from CAS Precharge 

tACP 


40 


45 


50 

ns 

11 

Access Time from OE 

tOEA 


15 


18 


20 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

15 

30 

15 

35 

17 

40 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 


0 


0 


ns 

11 

OE to Data Setup Time 

tOLZ 

0 


0 


0 


ns 

11 

Output Buffer Turn-off Delay Time from CAS 

tOFF 

0 

15 

0 

15 

0 

20 

ns 

12 

OE to Data Delay Time 

tOED 

16 


15 


20 


ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

15 

0 

15 

0 

20 

ns 

12 

OE Hold Time 

tOEH 

0 


0 


0 


ns 


OE Lead Time Referenced to RAS 

tOES 

0 


0 


0 


ns 


Transition Time (Rise and Fall) 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tnr 

40 


50 


60 


ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tflASP 

60 

125,000 

70 

125,000 

80 

125,000 

ns 


RAS Hold Time 

tasH 

15 


18 


20 


ns 


CAS Pulse Width 

tCAS 

15 

10,000 

18 

10,000 

20 

10,000 

ns 


CAS Hold Time 

tcSH 

60 


70 


80 


ns 


RAS to CAS Delay Time 

tRCD 

20 

40 

20 

50 

25 

60 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 


6 


5 


ns 

13 

CAS Precharge Time 

tCPN 

10 


10 


10 


ns 


CAS Precharge Time (Fast Page Mode) 

tcp 

10 


10 


10 


ns 


RAS Precharge CAS Hold Time 

tRPC 

5 


5 


5 


ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 


50 


ns 


Row Address Setup Time 

tASR 

5 


5 


5 


ns 


Row Address Hold Time 

tRAH 

10 


10 


12 


ns 


Column Address Setup Time 

tASC 

0 


0 


0 


ns 


Column Address Hold Time 

tCAH 

15 


15 


15 


ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 


40 


ns 


Read Command Setup Time 

tRCS 

0 


0 


0 


ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 


0 


ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 


0 


ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 


10 


15 


ns 

15 

WE Pulse Width 

tWP 

10 


10 


15 


ns 

15 
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Parameter 

Symbol 

tRAc = 60 ns 

tRAc = 70 ns 

tRAc = 80 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Data-in Setup Time 

tos 

0 


0 


0 


ns 

16 

Data-in Hold Time 

tDH 

10 


15 


15 


ns 

16 

Write Command Setup Time 

twcs 

0 


0 


0 


ns 

17 

CAS to WE Delay Time 

tCWD 

40 


43 


50 


ns 

17 

RAS to WE Delay Time 

tAWD 

95 


105 


120 


ns 

17 

CAS Precharge to WE Delay Time 

tCPWD 

58 


65 


70 


ns 

17 

Column Address to WE Delay Time 

tAWD 

60 


65 


75 


ns 

17 

WE Lead Time Referenced to RAS 

tRWL 

25 


25 


25 


ns 


WE Lead Time Referenced to CAS 

tCWL 

15 


15 


15 


ns 


CAS Setup Time (CAS before RAS Refresh) 

tCSR 

5 


5 


5 


ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

10 


10 


10 


ns 


WE Setup Time 

tWSR 

10 


10 


10 


ns 


WE Hold Time 

tWHR 

15 


15 


15 


ns 


Refresh Time 

tAEF 


32 


32 


32 

ms 



Notes 

1. All voltages are referenced to GND. 

2. After power up f wait more than 100 jxs and then, oxocuto oight CAS before RAS or RAS only 
refresh cycles as dummy cycles to initialize internal circuit. 

3. Icci, Icc3, Icc4 and Ices depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 

7. Icci and Icc3 are measured assuming that address can be changed once or less during RAS £ Vil 
(max.) and CA$ ^ Vm (min.j. 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 


VlH (MIN.) = 2.0 V 
Vil (max.) = 0.8 V 

tT = 5 ns tT = 5 ns 

(2) Output timing specification 



VoH (MIN.) = 2.0 V 
VoL (MAX.) = 0.8 V 
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10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD £ tRAD (MAX.) and tRCD £ tRCD (MAX) 

tRAC (MAX.) 

tRAC (MAX.) 

tRAD > tRAD (MAX) and tRCD £ tRCD (MAX) 

tAA (MAX.) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX) 

tCAC (MAX.) 

tRCD + tCAC (MAX) 


tRAD(MAx.j and tRCD(MAX) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tcAc) is to be used for 
finding out when output data will be available. Therefore, the input conditions tRAD £ tRAD (max.) 
and tRco £ tRCD (max.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. toFF (max.) and toEZ(MAx.) define the time at which the output achieves the condition of Hi-Z and 
are not referenced to Voh or Vol. 

13. tcRp (min.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (min.) or tRRH jmin.) should be met in read cycles. 

15. twp (min.) is applied to late write cycles or read modify write cycles. In early write cycles, twcH(MiN.) 
should be met. 

16. tDs (min.) and tDH imin.) are referenced to the CAS falling edge in early write cycles. In late write 
cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs £twcs (min.), the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD £ tRwo imin.», tcwD £ tcwD imin.j, tAWD £ tAWD (min.) and tcpwo £ tcpwo (min.), the cycle 
is read modify write cycle and the data out will contain data read from the selected cell. If neither 
of the above conditions is met, the state of the data out is indeterminate. 
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Timing Chart 

Please refer to Timing Chart 7, page 429. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 




ITEM 

MILLIMETERS 

INCHES 

A 

133.35±0.13 

5.25±0.006 

B 

11.43 

0.450 

C 

36.83 

1.450 

D 

6.35 

0.250 

E 

54.61 

2.150 

G 

6.35 

0.250 

H 

1.27 (T.P.) 

0.050 (T.P.) 

1 

8.89 

0.350 

J 

23.495 

0.925 

K 

43.18 

1.700 

L 

17.78 

0.700 

M 

25.4 

1.000 

N 

4.0 MAX. 

0.158 MAX. 

Q 

R2.0 

R0.079 

R 

4.0±0.1 

n i C7+0.005 
°' 157 -0.004 

S 

03.0 

00.118 

T 

1.27±0.1 

0.05±0.004 

U 

4.0 MIN. 

0.157 MIN. 

V 

0.25 MAX. 

0.010 MAX. 

w 

1.0±0.05 

0.039±0.002 

X 

2.54 MIN. 

0.100 MIN. 

Y 

3.0 MIN. 

0.118 MIN. 

z 

3.0 MIN. 

0.118 MIN. 


M168S-50A3 
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8 Byte DIMM 
[Hyper Page (EDO)] 




PRELIMINARY DATA SHEET 



MO 



HE 




1 M-WORD BY 04-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE 


Description 

The MC-421000FA64FB is a 1,048,576 words by 64 bits dynamic RAM module on which 4 pieces of 16 M 
DRAM: /iPD4218165 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise roduction. 

Features 

• Hyper page mode (EDO) 

• 1,048,576 words by 64 bits organization 

• Fast access and cycle time 


Family 

Access time 
(MAX.) 

R/W cycle time 
(MIN.) 

Hyper page 
mode cycle Time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-42 1 000FA64-60 

60 ns 

104 ns 

25 ns 

3.89 W 

336 mW 

MC-421000FA64-70 

70 ns 

124 ns 

30 ns 

3.68 W 

(CMOS level input) 


• 1,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh. Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-42 1000FA64FB-60 

60 ns 

168-pin Dual In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

4 pieces of /iPD4218165LE 

(400 mil SOJ) 

[Single side] 

MC-42 1000FA64FB-70 

70 ns 


Tho Information in this documont is aubjoct to chango without notico. 


Ml 051 9EJ1 V0DS00 (Japan) 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 
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GND 
1/0 32 
1/0 33 
1/0 34 
I/O 35 
Vcc 
I/O 36 
1/0 37 
1/0 38 
1/0 39 


NC 
GND 
1/0 40 
1/0 41 
1/0 42 
1/0 43 
1/0 44 
Vcc 
1/0 45 
I/O 46 
I/O 47 
NC 
GND 
NC 
NC 


NC 

Vcc 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 


NC 
GND 
1/0 8 
1/0 9 
1/0 10 
1/0 11 
1/0 12 
Vcc 
I/O 13 
I/O 14 
I/O 15 
NC 
GND 


OEO 

GND 


AO 

A2 


A6 

A8 

NC 

NC 

Vcc 


PD7 

IDO 

Vcc 



PD and ID Table 



Remark H : Voh, L :Vol 


Address Inputs 
Data Inputs/Outputs 
Row Address Strobe 
Column Address Strobe 
Write Enable 
Output Enable 
Presence Detect Enable 
Presence Detect Pins 
Identity Pins 
Power Supply 
Ground 
No connection 


AO - A9, BO : 
I/O 0 - I/O 63 : 
RASO, RAS2 : 
CAS0-CAS7: 
WEO, WE2 
OEO , 0E2 
PDE 

PD1 - PD8 
IDO, ID1 
Vcc 
GND 
NC 
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Block Diagram 


RASOO 



I/O 21 O 
1/0 22 0 
1/0 23 0 
CAS3 H> 
1/0 240 
1/0 250 
1/0 260 
1/0 27 0 
1/0 280 
1/0 290 
1/0 30 0 
I/O 31 O 


AO o — 1> ► AO : DO, D1 

BO o — 0 ► AO : D2, D3 

A1 -A9 0 — P> ► D0-D3 



IDO, ID10 NCorGND 


Vcc O f ► D0-D3 

— ^ — rn-n 

GND o D0-D3 


Remark DO - D3 : /iPD4218165 
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Electrical Specifications Notes ^ 2 


Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


6 

W 

Operating ambient temperature 

Ta 


0 to +70 

*C 

Storage temperature 

Tsto 


-55 to +125 

•c 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.75 

5.0 

5.25 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

•c 


Capacitance (Ta = 25 *C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

C|i 

A0 - A9, B0 



20 

PF 

C|2 

WEO, WE2 



20 

C|3 

RAS0, RAS2 



45 

C|4 

CAS0 - CAS7 



20 

Cf?. 

OEO, OE2 



20 

Data Input/Output capacitance 

Ci/o 

1/00 - 1/063 



20 

PF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 



Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC(MIN.) 

lo = 0 mA 

tRAC = 60 ns 


700 

mA 

1,2,3 

tRAC = 70 ns 


660 

Standby current 

ICC2 

RAS, CAS ^ Vm (min.), lo = 0 mA 


68 

mA 

1 

RAS, CAS £ Vcc - 0.2 V, lo = 0 mA 


64 

RAS only refresh current 


RAS Cycling 

CAS ^ VlH (MIN.) 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 



mA 

1,2, 3, 4 

tRAC -70 ns 



Operating current 
(Hyper page mode) 

ICC4 

RAS = Viumax.) 

CAS Cycling 

tHPC = tHPC (MIN.) 

lo = 0 mA 

tRAC » 60 ms 




1,2,5 

tRAC ^70 ns 



CAS before RAS 
refresh current 

ICC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC u 60 ns 



mA 

1,2 

tRAC = 70 ns 


660 

Input leakage current 

ll (L) 

Vi = 0 to 5.5 V 

all other pins not under test = 0 V 

RAS 

-10 

+10 

pA 


others 

-5 

+1 

Output leakage current 

lO(L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

pA 


High level output voltageLow 

VoH 

lo = -2.5 mA 

2.4 


V 


level output voltage 

VOL 

lo = +2.1 mA 


0.4 

V 



Notes 1. 
2 . 

3 . 

4 . 

5 . 


Icci, Icc3, Icc4, Ices depend on cycle rates (tRc and tHpe). 

Specified values are obtained with outputs unloaded. 

Icci and Icc3 are measured assuming that address can be changed once or less during RAS 
Viumax.) and CAS ^ Vihjmin.i. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each hyper 
page cycle. 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 
AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 


VlH (MIN.) = 2.4 V 
VlL (MAX.) = 0.8 V 




tT=2 ns 


VOH (MIN.) = 2.4 V- 
VOL (MAX.) = 0.4 V 



(3) Loading conditions are 100 pF + 1 TTL. 


Common to Read, Write Cycle 


Parameter 

Symbol 

tRAC * 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tRC 

104 

— 

124 

— 

ns^ 


RAS Precharge Time 

tRP 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCPN 

10 

— 

10 

— 

ns 


RAS Pulse Width 

tRAS 

60 

10 000 

70 

10 000 

ns 


CAS Pulse Width 

tCAS 

10 

10 000 

12 

10 000 

ns 


Ea 5 Hold Time 

tRSH 

10 

— 

12 

— 

ns 


CAS Hold Time 

tCSH 

40 

— 

50 

— 

ns 


RAS to CAS Delay Time 

tRCD 

14 

45 

14 

52 

ns 

1 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

1 

CAS to RAS Precharge Time 

tCRP 

5 

— 

5 

— 

ns 

2 

Row Address Setup Time 

tASR 

5 

— 

5 

— 

ns 


Row Address Hold Time 

tRAH 

10 

— 

10 

— 

ns 


Column Address Setup Time 

tASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCAH 

10 

— 

12 

— 

ns 


OE Lead Time Referenced to RAS 

tOES 

0 

— 

0 

— 

ns 


CAS to Data Setup Time 

tCLZ 

0 

— 

0 

— 

ns 


5E to Data Setup Time 

tOLZ 

0 

— 

0 

— 

ns 


OE to Data Delay Time 

tOED 

13 

— 

15 

— 

ns 


Masked Byte Write Hold Time Referenced to RAS 

tMRH 

0 

— 

0 

— 

ns 


Transition Time (Rise and Fall) 

tT 

1 

50 

1 

50 

ns 


Refresh Time 

tREF 

— 

16 

— 

16 

ms 
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Notes 1. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tAA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX) 

tCAC (MAX) 

tRCD + tCAC (MAX) 


tRADiMAX.) and tRCDiMAX.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRAD(MAX) and tRCD ^ 
tRCDtMAX.) will not cause any operation problems. 

2. tcRP(MiN.) requirement is applied to RAS, CAS cycles. 


Read Cycle 


Parameter 

Symbol 

tRAc = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Access Time from RAS 

tRAC 

— 

60 

— 

70 

ns 

1 

Access Time from CAS 

tCAC 

— 

20 

— 

23 

ns 

1 

Access Time from Column Address 

tAA 

— 

35 

— 

40 

ns 

1 

Access Time from OE 

tOEA 

— 

20 

— 

23 

ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 

— 

35 

— 

ns 


Read Command Setup Time 

tRCS 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

— 

0 

— 

ns 

2 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

— 

0 

— 

ns 

2 

Output buffer Turn-off Delay Time from OE 

tOEZ 

0 

13 

0 

15 

ns 

3 

CAS Hold Time to OE 

tCHO 

5 

— 

5 

— 

ns 



Notes 1. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD tRCD (MAX.) 

tAA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX) 

tCAC (MAX) 

tRCD + tCAC (MAX) 


tRADiMAx.) and tRCDtMAX.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRAD(MAX) and tRCD ^ 
tRCDtMAX.) will not cause any operation problems. 

2. Either tRCHtMiN.) or tRRHtMiN.) should be met in read cycles. 

3. toEztMAx.) defines the time when the output achieves the condition of Hi-Z and is not refernced Voh or 
Vol. 
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Write Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

WE Hold Time Referenced to CAS 

tWCH 

10 

— 

10 

— 

ns 

1 

WE Pulse Width 

tWP 

10 

— 

10 

— 

ns 

1 

WE Lead Time Referenced to RAS 

tRWL 

15 

— 

17 

— 

ns 


WE Lead Time Referenced to CAS 

tCWL 

10 

— 

12 

— 

ns 


WE Setup Time 

twcs 

0 

— 

0 

— 

ns 

2 

OE Hold Time 

tOEH 

0 

— 

0 

— 

ns 


Data-in Setup Time 

tDS 

0 

— 

0 

— 

ns 

3 

Data-in Hold Time 

tDH 

10 

— 

10 

— 

ns 

3 


Notes 1. twp(MiN.) is applied to late write cycles or read modify write cycles. In early write cycles, Iwchimin.) 
should be met. 

2. If twcs ^ twcsiMiN.j, the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 

3. tosiMiN.j and tDHfMiN.) are referenced to the CAS falling edge in early write cycles. In late write cycles 
and road modify write cycles, they are referenced to the WE falling edge. 


Read Modify Write Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

Read Modify Write Cycle Time 

tRWC 

133 

— 

157 

— 

ns 


RAS to WE Delay Time 

tRWD 

87 

— 

99 

— 

ns 

1 

CAS to WE Delay Time 

tCWD 

32 

— 

37 

— 

ns 

1 

Column Address to WE Delay Timo 

tAWD 

52 

— 

59 

— 

ns 

1 


Note 1. If twcs ^ twcsjMiN.) the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD ^ tRWDiMiN.), tcwD ^ tcwDiMiN.), tAWD ^ tAWD{MiN.), and tcpwD ^ tcpwD(MiN.), the cycle is a 
read modify write cycle and the data out will contain data read from the selected cell. If neither of 
the above conditions is met, the state of the data out is indeterminate. 
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Hyper Page Mode 



Notes 1. tHPciMiN.) is applied to access time from CAS 

2. If twcs ^ twcstMiN.), the cycle is an early write cycle and the data out will remain Hi - Z through the 

entire cycle. If tnwD ^ tRWDiMiN.j, tcwD £ tcwDiMiN.i, tAwo ^ tAWD(MiN.), and tcpwo ^ tcpwD(MiN.), the cycle is 

a read modify write cycle and the data out will contain data read from the selected cell. If neither of 

the above conditions is met, the state of the data out is indeterminate. 

3. toFctMAx.), toFR(MAX) and twEZiMAx.) define the time when the output achieves the condition of Hi-Z and 
is not referenced to Voh or Vol. 

4. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The 
effective specification depends on state of each signal. 

(1) RAS, CAS : Inactive (at the end of read cycle) 

WE : inactive, OE : active 

toFc is effective when RAS is inactivated before CAS is inactivated. 
toFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE : inactive, OE : inactive ••• toEz is effective. 

(3) Both RAS and CAS are inactive or RAS is active and CAS is inactive 

(at the end of read cycle) 

WE,QE:active and either tRRH or tRCH must be met**- twez, twpz are effective. 
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Timing Chart 

Please refer to Timing Chart 9, page 457. 
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PRELIMINARY DATA SHEET 




MOS INTEGRATED CIRCUIT 

MC-422000FA64FB 


2 M-WORD BY 64-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE 


Description 

The MC-422000FA64FB is a 1,048,576 words by 64 bits dynamic RAM module on which 8 pieces of 16 M 
DRAM: pPD4218165 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 
surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

• Hyper page mode (EDO) 

• 2,096,152 words by 64 bits organization 

• Fast access and cycle time 


Family 

Access time 

(MAX.) 

R/W cycle time 
(MIN.) 

Hyper page 
mode cycle Time 
(MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC-422000FA64-60 

60 ns 

104 ns 

25 ns 

3.73 W 

357 mW 

MC-422000FA64-70 

70 ns 

124 ns 

30 ns 

3.52 W 

(CMOS level input) 


• 1,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering Information 


Part number 

Access time 

(MAX.) 

Package 

Mounted devices 

MC-422000FA64FB-60 

60 ns 

168-pin Dual In-line Memory Module 
(Socket Type) 

Edge connector: Gold plating 

8 pieces of pPD4218165LE 

(400 mil SOJ) 

[Single side] 

MC-422000FA64FB-70 

70 ns 


The information in this document is subject to chango without notice. 


Ml 0559EJ1 V0DS00 (Japan) 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector : Gold plating) 
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GND 
I/O 32 
I/O 33 
1/0 34 
I/O 35 
Vcc 
I/O 36 
I/O 37 
I/O 38 
I/O 39 


NC 
GND 
1/0 40 
1/0 41 
1/0 42 
1/0 43 
I/O 44 
Vcc 
1/0 45 
1/0 46 
1/0 47 
NC 
GND 
NC 
NC 


NC 
I/O 55 
NC 
I/O 56 
GND 
I/O 57 
I/O 58 
I/O 59 
I/O 60 
Vcc 
1/0 61 
1/0 62 
I/O 63 
NC 
GND 
PD2 
PD4 
PD6 
PD8 
ID1 
Vcc 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 


NC 
GND 
1/0 8 
1/0 9 
I/O 10 
I/O 11 
I/O 12 
Vcc 
1/013 
1/0 14 
1/015 
NC 
GND 


NC 

NC 


Vcc 



PD and ID Table 



Remark H : Voh, L :Vol 


AO - A9, BO : Address Inputs 

I/O 0 - I/O 63 : Data Inputs/Outputs 

RASO - RAS2 : Row Address Strobe 

CASO - CAS7 : Column Address Strobe 

WEO, WE2 : Write Enable 

OEO, 0E2 : Output Enable 

PDE : Presence Detect Enable 

PD1 - PD8 : Presence Detect Pins 

IDO, ID1 : Identity Pins 

Vcc : Power Supply 

GND : Ground 


NC : No connection 
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Electrical Specifications Note8 ^ 2 

Absolute Maximum Ratings 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on any pin relative to GND 

Vt 


-1.0 to +7.0 

V 

Supply voltage 

Vcc 


-1.0 to +7.0 

V 

Output current 

lo 


50 

mA 

Power dissipation 

Pd 


6 

W 

Operating ambient temperature 

Ta 


0 to +70 

•c 

Storage temperature 

Tsto 


-55 to +125 

•c 


Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in th© operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 


Recommended Operating Conditions 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

Vcc 


4.75 

5.0 

5.25 

V 

High level input voltage 

VlH 


2.4 


Vcc + 1.0 

V 

Low level input voltage 

VlL 


-1.0 


+0.8 

V 

Operating ambient temperature 

Ta 


0 


70 

•c 


Capacitance (Ta = 25 *C, f = 1 MHz) 


Parameter 

Symbol 

Test Condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

Cn 

A0 - A9, BO 



20 

pF 

C|2 

WE0,WE2 



20 

C|3 

RAS0 - RAS2 



45 

C|4 

CASO - CAS7 



20 

ClB 

OEO, OE2 



20 

Data Input/Output capacitance 

C|/0 

1/00 - 1/063 



20 

! 

pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Test condition 

MIN. 

MAX. 

Unit 

Notes 

Operating current 

Icci 

RAS, CAS Cycling 

tRC = tRC(MIN.) 

lo = 0 mA 

tRAC = 60 ns 


710 

mA 

1 ,2,3 

tRAC = 70 ns 


670 

Standby current 

ICC2 

RAS, CAS ^ Vih (min.), lo = 0 mA 


76 

mA 


RAS, CAS & Vcc - 0.2 V, lo = 0 mA 


68 


ICC3 

RAS Cycling 

CAS ^ Vih imin.j 

tRC = tRC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


710 

mA 

1, 2,3,4 

RAS only refresh current 

tRAC = 70 ns 


670 

Operating current 
(Hyper page mode) 

ICC4 

RAS ^ Viumax.) 

CAS Cycling 

tHPC = tHPC (MIN.) 

lo = 0 mA 

tRAC = 60 ns 


510 

mA 

1,2,5 

tRAC =70 ns 


470 

CAS before RAS 
refresh current 

ICC5 

RAS Cycling 

tRC = tRC (MIN.) 

lo as 0 mA 

tRAC = 60 ns 


710 

mA 

1,2 

tRAC = 70 ns 


670 

Input leakage current 

ll <U 

Vi = 0 to 5.6 V 

all other pins not under test = 0 V 

RAS 

-10 

+10 

pA 


others 

—5 

+ 1 

Output leakage current 

lo (L) 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 

-10 

+10 

/xA 


High level output voltageLow 

VoH 

lo = -2.5 mA 

2.4 


V 


level output voltage 

VOL 

lo = +2.1 mA 


0.4 

V 



Notes 1. 
2 . 

3 . 

4 . 

5 . 


Icci, Icc3, Icc4, Ices depend on cycle rates (tRc and tHPc). 

Specified values are obtained with outputs unloaded. 

Icci and Icc3 are measured assuming that address can be changed once or less during RAS ^ 
Viumax.) and CAS Vih(min.i. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each hyper 
page cycle. 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 


AC Characteristics Test Conditions 

(1) Input timing specification 


VlH (MIN.) = 2.4 V 
VlL (MAX.) = 0.8 V 



tT= 2 ns 


(2) Output timing specification 


VoH (MIN.) = 2.4 V 


VoL (MAX) = 0.4 V 

— — r* — 
tT= 2 ns 




(3) Loading conditions are 100 pF + 1 TTL. 

Common to Read, Write Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tRC 

104 

— 

124 

— 

ns 


RAS Prechargo Time 

tRP 

40 

— 

50 

— 

ns 


CAS Prechargo Time 

tCPN 

10 

— - 

10 

— 

ns 


RAS Pulse Width 

tRAS 

60 

10 000 

70 

10 000 

ns 


CAS Pulse Width 

tCAS 

10 

10 000 

12 

10 000 

ns 


RAS Hold Time 

tRSH 

10 

— 

12 

— 

ns 


CAS Hold Time 

tCSH 

40 

— 

50 

— 

ns 


RAS to CAS Delay Time 

tRCD 

14 

45 

14 

52 

ns 

1 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

1 

CAS to RAS Precharge Time 

tCRP 

5 

— 

5 

— 

ns 

2 

Row Address Setup Time 

tASR 

5 

— 

5 

— 

ns 


Row Address Hold Time 

tRAH 

10 

— 

10 

— 

ns 


Column Address Setup Time 

tASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCAH 

10 

— 

12 

— 

ns 


OE Lead Time Referenced to RAS 

tOES 

0 

— 

0 

— 

ns 


CAS to Data Setup Time 

tCLZ 

0 

— 

0 


ns 


OE to Data Setup Time 

tOLZ 

0 

— 

0 

— 

ns 


OE to Data Delay Time 

tOED 

13 

— 

15 

— 

ns 


Masked Byte Write Hold Time Referenced to RAS 

tMRH 

0 


0 

— 

ns 


Transition Time (Rise and Fall) 

tT 

1 

50 

1 

50 

ns 


Refresh Time 

tREF 

— 

16 

— 

16 

ms 
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Notes 1 . For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX.) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tAA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) 

tCAC (MAX) 

tRCD + tCAC (MAX) 


tRADiMAx.) and tRCD(MAx.j are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc # Ua or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRAD(MAX) and tRco ^ 
tRCDiMAx.) will not cause any operation problems. 

2. tcRp(MiN.) requirement is applied to RAS, CAS cycles. 


Read Cycle 


Parameter 

Symbol 

tRAc = 60 ns 

tRAc = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

Access Time from RAS 

tRAC 

— 

60 

— 

70 

ns 

1 

Access Time from CAS 

tCAC 

— 

20 

— 

23 

ns 

1 

Access Time from Column Address 

tAA 

— 

35 

— 

40 

ns 

1 

Access Time from OE 

tOEA 

— 

20 

— 

23 

ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 

— 

35 

— 

ns 


Read Command Setup Time 

tRCS 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

— 

0 

— 

ns 

2 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

— 

0 

— 

ns 

2 

Output buffer Turn-off Delay Time from OE 

tOEZ 

0 

13 

0 

15 

ns 

3 

CAS Hold Time to OE 

tCHO 

5 

— 

5 

— 

ns 



Notes 1 . For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD ^ tRAD (MAX.) and tRCD ^ tRCD (MAX.) 

tRAC (MAX) 

tRAC (MAX) 

tRAD > tRAD (MAX.) and tRCD tRCD (MAX.) 

tAA (MAX) 

tRAD + tAA (MAX.) 

tRCD > tRCD (MAX) 

tCAC (MAX) 

tRCD + tCAC (MAX) 


tRADiMAx.) and tRCD(MAx.) are specified as reference points only ; they are not restrictive operating 
parameters. They are used to determine which access time (tRAc, tAA or tcAc) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD ^ tRAD(MAX) and tRco ^ 
tRCD(MAx.) will not cause any operation problems. 

2. Either tRCHtMiN.) or tRRH(MiN.) should be met in read cycles. 

3. toEziMAx.) defines the time when the output achieves the condition of Hi-Z and is not refernced Voh or 
Vol. 
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Write Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Notes 

MIN. 

MAX. 

MIN. 

MAX. 

WE Hold Time Referenced to CAS 

tWCH 

10 

— 

10 

— 

ns 

1 

WE Pulse Width 

tWP 

10 

— 

10 

— 

ns 

1 

WE Lead Time Referenced to RAS 

tRWL 

15 

— 

17 

— 

ns 


WE Lead Time Referenced to CAS 

tCWL 

10 

— 

12 

— 

ns 


WE Setup Time 

twcs 

0 

— 

0 

— 

ns 

2 

OE Hold Time 

tOEH 

0 

— 

0 

— 

ns 


Data-in Setup Time 

tDS 

0 

— 

0 

— 

ns 

3 

Data-in Hold Time 

tDH 

10 

— 

10 

— 

ns 

3 


Notes 1. twp(MiN.) is applied to late write cycles or read modify write cycles. In early write cycles, twcHiMiN.) 
should be met. 

2. If twcs ^ twcsiMiN.i, the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. 

3. tDS(MiN ) and tDH(MiN.) are referenced to the CAS falling edge in early write cycles. In late write cycles 
and read modify write cycles, they are referenced to the WE falling edge. 


Read Modify Write Cycle 


Parameter 

Symbol 

tRAC = 60 ns 

tRAC = 70 ns 

Unit 

Note 

MIN. 

MAX. 

MIN. 

MAX. 

Read Modify Write Cycle Time 

tRWC 

133 

— 

157 

— 

ns 


RAS to WE Delay Time 

tRWD 

87 

— 

99 

— 

ns 

1 

CAS to WE Delay Time 

tCWD 

32 

— 

37 

— 

ns 

1 

Column Address to WE Delay Time 

tAWD 

52 

— 

59 

— 

ns 

1 


Notel. If twcs ^ twcs(MiN.) the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD ^ tRWDiMiN.j, tcwD s? tcwDiMiN.), tAWD ^ tAwoiMiN.), and tcpwD ^ tcpwD(MiN.), the cycle is a 
read modify write cycle and the data out will contain data read from the selected cell. If neither of 
the above conditions is met, the state of the data out is indeterminate. 
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Hyper Page Mode 


Parameter 

Symbol 

tRAC = 

60 ns 

tRAC as 

70 ns 



MIN. 

MAX. 

MIN. 

MAX. 

Unit 

Notes 

Read / Write Cycle Time 

tHPC 

25 

— 


— 

ns 

1 

RAS Pulse Width 

tRASP 

60 

125 000 

70 

125 00C 

ns 


CAS Pulse Width 



10 000 





CAS Precharge Time 

tCP 


— 

10 

— 

ns 


Access Time from CAS Precharge 

tACP 

— 

40 

— 

45 

ns 


CAS Precharge to WE Delay Time 

tCPWD 

52 

— 

59 

— 

ns 

2 

RAS Hold Time from CAS Precharge 

tRHCP 


— 


— 

ns 


Read Modify Write Cycle Time 

tHPRWC 

66 

— 


— 

ns 


Data Output Hold Time 

tDHC 

5 

— 


— 



OE to CAS Hold Time 

tOCH 

5 

— 

5 

— 

BSi 


OE Precharge Time 

tOEP 

5 

— 

5 

— 

wm 


Output Buffer Turn-off Delay from WE 

tWEZ 

0 

13 

0 

16 


s 

WE Pulse Width 

tWPZ 

10 

— 


— 


4 

Output Buffer Turn-off Delay from RAS 

tOFR 

0 

13 

0 

15 


■a 

Output Buffer Turn-off Delay from CAS 

tOFC 

0 

13 


15 

ns 

K9 


Notes 1. tHPC(MiN.) is applied to access time from CAS 

2. If twcs ^ twcsiMiN.), the cycle is an early write cycle and the data out will remain Hi - Z through the 

entire cycle. If tRwo ^ tRWD(MiN.), tcwD ^ tcwD(MiN.), tAWD ^ tAwoiMiN.), and tcpwo ^ tcpwoiMiN.), the cycle is 

a read modify write cycle and the data out will contain data read from the selected cell. If neither of 

the above conditions is met, the state of the data out is indeterminate. 

3. toFciMAx.), toFRjMAX.) and twEZ(MAX ) define the time when the output achieves the condition of Hi-Z and 
is not referenced to Voh or Vol. 

4. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The 
effective specification depends on state of each signal. 

(1) RAS, CAS : Inactive (at the end of read cycle) 

WE : inactive, OE : active 

toFc is effective when RAS is inactivated before CAS is inactivated. 
toFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE : inactive, OE : inactive ••• toEz is effective. 

(3) Both RAS and CAS are inactive or RAS is active and CAS is inactive 

(at the end of read cycle) 

WE,OE:active and either tRRH or tRCH must be met-** twEZ, twpzare effective. 
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Timing Chart 

Please refer to Timing Chart 9, page 457. 
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PRELIMINARY DATA SHEET 


NEC 


MGS INTEGRATED CIRCU9T 

1O422O0OFB72F 


2M -WORD BY 72-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE (ECC) 


Description 

The MC-422000FB72 F is a 2 097 152 words by 72 bits dynamic RAM module on 
which 9 pieces of 16M DRAM ( mPD 4217805) are assembled. 

This module provide high density and large quantities of memory in a small space 
without utilizing the surface-mounting technology on the printed circuit board. 
Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 

- Hyper page mode ( EDO) 

- 2 097 152 words by 72 bits organization 

- Fast access and cycle time 


Family 

Access time 
(MAX.) 

R/W cycle time 
(MIN.) 

Hyper page mode 
cycle time (MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC- 422000FB72-60 

60 ns 

104 ns 


5.51w 

368mw 

(CMOS level) 

MC- 422000FB72-70 

70 ns 

124 ns 


5.04w 


- 2 048 refresh cycles/32 ms 

- CAS before RAS refresh , RAS only refresh , Hidden refresh. 

- 168-pin dual in-line memory module (pin pitch = 1.27 mm) 
-Single +5.0 V± 0.25V power supply 

Ordering information 


Part Number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC- 422000FB72F-60 

60ns 

168-pin Dual In-line 
Memory Module 

(Socket Type) 

Edge connector Gold plating 

9 pieces of 
uPD 4217805G5 
(400mil TSOP) 
[Double side] 

MC- 422000FB72F-70 

70ns 


The information in this document is subject to change without notice. 


M10549EJ1 V0DS00 (Japan) 
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Pin Configuration 


MC-422000FB72I 


168-pin Dual In-line Memory Module Socket Type (Edge Connector : Gold plating) 



GND 
I/O 36 
I/O 37 
I/O 38 
I/O 39 
Vcc 
I/O 40 
I/O 41 
I/O 42 
I/O 43 


I/O 44 

GND 

I/O 45 

I/O 46 

I/O 47 

I/O 48 

I/O 49 

Vcc 

I/O 50 

10 51 

I/O 52 

I/O 53 

GND 

NC 

NC 

Vcc 

NC 

NC 

NC 

NC 

NC 

GND 

A1 

A3 

A5 

A7 

A9 

NC 

NC 

Vcc 


NC 

BO 

GND 

NC 

NC 

NC 

NC 

Vcc 
NC 
NC 
I/O 54 
I/O 55 
GND 
IO 66 
I/O 57 
I/O 68 
1/0 59 
Vcc 
I/O 60 
NC 
NC 
NC 
NC 
I/O 61 
I/O 62 
I/O 63 
GND 
I/O 64 
I/O 65 
I/O 66 
I/O 67 
Vcc 
I/O 68 
I/O 69 
I/O 70 
I/O 71 
GND 
PD2 
PD4 
PD6 
PD8 
ID1 
Vcc 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 


1/0 8 
GND 
1/0 9 
I/O 10 
1/0 11 
I/O 12 
I/O 13 
Vcc 


1/0 14 
I/O 15 
I/O 16 
I/O 17 
GND 
NC 
NC 


Vcc 


WE 


CASO 

NC 


GND 

AO 

A2 

A4 

A6 

A8 

A10 

NC 

Vcc 


NC 

NC 

GND 



CAS4 

NC 


WE 

Vcc 

NC 

NC 


I/O IB 
VO 19 
GND 
VO 20 
1/0 21 
1/0 22 
1/0 23 
Vcc 
1/0 24 
NC 
NC 
NC 
NC 
1/0 25 
1/0 26 
1/0 27 
GND 
1/0 28 
1/0 29 
1/0 30 
1/0 31 
Vcc 
1/0 32 
1/0 33 
1/0 34 
1/0 35 
GND 
PD1 
PD3 
PD5 
PD7 



PD and ID Table 








mui 



KB 

BIB 



— 

o 



w 

w 



KB 

mmm 



KB 

KB 



1!1 

m 



KB 

B5B 



w 

BH 



csa 

|c]2l>i 



M'clVa 

gcW»l 


Note) H : VOH, L: VOL 


AO - A10, BO : Address Inputs 
I/O 0-1/ 071 : Data Inputs / Outputs 
RASP , RAS2 : Row Address Strobe 
6AS0, CAS 4 : Column Address Strobe 
WE0.WE2 : Write Enable 
OEO , OE2 : Output Enable 
PDE : Presence Detect Enable 

PD1- PD8 : Presence Detect Pins 

IDO, ID1 : Identity pins 

Vcc : Power Supply 


GND : Ground 

NC : No connection 
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Block Diagram 




AO °-0— — ► A0:D0toD4 
BO °-t> — — ►A0:D5toD8 
A1 to AIO^— [>— ►DO to D8 

IDOtolDI o— — — — NCorGND 
PDE ° "1 

PD1 to PD8 » ""nH — Vcc or GND 


Vcc ©— — ►D0toD8 

CO- C8 

GND o X — - ►DO to D8 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

VT 


-1.0 to +7.0 

V 

Supply voltage 

VCC 


-1.0 to +7.0 

V 

Output current 

10 


50 

mA 

Power dissipation 

PD 


11 

W 

Operating temperature 

Topt 


0 to +70 

■c 

Storage temperature 

Tstg 


-55 to +125 

■C 


Remark Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device in not meant to be operated under conditions outside the limits 
described in the operational sections of this specification. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (notes si, 2) 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

VCC 


4.75 

5.0 

5.25 

V 

High level input voltage 

VIH 


2.4 


Vcc+1.0 

V 

Low level input voltage 

VIL 


-1.0 


+0.8 

V 

Ambient temperature 

Ta 


0 


70 

“C 


CAPACITANCE (Ta=25°C , f=l MHz ) 


Parameter 

Symbol 

Test condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

CI1 

AO - A 10, B0 



20 

pF 

C 12 

WE0,‘WE"2 



20 

pF 

C 13 

kAS 0, RAS 2 



50 

pF 

C 1 4 

CS5T5, CSS1 



20 

pF 

C 1 5 

OE 0, 0E 2 



20 

pF 

Data Input/ 

Output capacitance 

ci/o 

I/O 0 - I/O 71 



20 

pF 


328 





MC-422000FB72F 


DC CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


PARAMETER 

SYMBOL 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

NOTES 

Operating Current 

Iccl 

RAS , CAS Cycling 
tRc=tRc (min.) , 10=0 mA 

tRAc=60ns 


1050 

mA 

3,4,7 

tRAc=70ns 


960 

Standby Current 

Icc2 

RAS, CAS ^ Vih ( min.) 


90 

mA 


RAS , CAS ^ Vcc-0.2V 


70 

RAS only refresh current 

Icc3 

RAS Cycling , CAS ^ Vih 
tRC=tRC(MIN.) , IO=0mA 

tRAC=60llS 


1050 

mA 

3, 4, 5, 7 

tRAC=70llS 


960 

Operating Current 
(Hyper Page Mode) 

Icc4 

RAS S? VIL , CAS Cycling 
tHPC=tHPC (MIN.), IO=0mA 

tRAc=60ns 


870 

mA 

3, 4,6 

tRAc=70ns 


780 

CAS before RAS 
refresh current 

Icc5 

tRC=tRC (MIN.) 

lO=0mA 

tRAc=60ns 


1050 

mA 

3,4 

tRAc=70ns 


960 

Input Leakage Current 

Il(L) 

Vl=0 to 5.25V 

all other pins not under test = OV 

RAS 

-10 

4-10 

pA 


others 

-5 

4-1 

Output Leakage Current 

Io(L) 

Outputs are disabled (Hi - Z) 

VO=0to 5.25V 

-10 

4-10 

\lA 


High level output voltage 

VoH 

IO=-5.0mA 

2.4 


V 


Low level output voltage 

VOL 

10=44 .2mA 


0.4 

V 
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AC CHARACTERISTICS Notes 8 ,9 

(Recommended Operating Conditions unless otherwise noted) 

( 1 / 2 ) 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

Random Read or Write Cycle Time 

tRC 

104 

- 

124 

- 

ns 


Read Modify Write Cycle Time 

tRWC 

133 

- 

157 

- 

ns 


Access Time from RAS 

tRAC 

_ 

60 

. 

70 

ns 

10,11 

Access Time from CAS 

tCAC 

_ 

20 


23 

ns 

10,11 

Access Time from Column Address 

tAA 

- 

35 

. 

40 

ns 

10,11 

Access Time from CAS Precharge 

tACP 

- 

40 

- 

45 

ns 

11 

Access Time from OE 

tOEA 

- 

20 

- 

23 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 

- 

0 

- 

ns 

11 

OE to Data Setup Time 

tOLZ 

0 

- 

0 

- 

ns 

11 

OE to Data Delay Time 

tOED 

13 

- 

15 

- 

ns 


Output Duffer Turn-off Delay Time from OE 

tOEZ 

0 

13 

0 

15 

ns 

12 

OE Hold Time 

tOEH 

0 

. 

0 

_ 

ns 


OE Lead Time Referenced to RAS 

tOES 

0 

- 

0 

- 

ns 


Transition Time ( Rise and Fall ) 

tT 

1 

50 

1 

50 

ns 


RAS Precharge Time 

tRP 

40 

- 

50 

- 

ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

ns 


RAS Hold Time 

tRSH 

10 

- 

12 

- 

ns 


CAS Pulse Width 

tCAS 

10 

10.000 

12 

10.000 

ns 


CAS Hold Time 

tCSH 

40 

_ 

50 

_ 

ns 


RAS to CAS Hclny Time 

IRCD 

14 

45 

14 

52 

ns 

10 

CAS to RAS Prcchargc Time 

tCRP 

5 

_ 

5 

_ 

ns 

13 

CAS Precharee Time 

tCPN 

10 

. 

10 

_ 

ns 


RAS Precharge CAS Hold Time 

tRPC 

5 

_ 

5 

_ 

ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 


45 

_ 

ns 


Row Address Setup Time 

tASR 

5 

_ 

5 

_ 

ns 


Row Address Hold Time 

tRAH 

10 


10 

_ 

ns 


Column Address Setup Time 

tASC 

0 


0 

_ 

ns 


Column Address Hold Time 

tCAH 

10 


12 

_ 

ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 


35 

_ 

ns 


Read Command Setup Time 

tRCS 

0 


0 

. 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 


0 

_ 

ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 


0 

_ 

ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 

_ 

10 


ns 

15 

WE Pulse Width 

tWP 

10 

_ 

10 

_ 

ns 

15 

Data-in SetUD Time 

tDS 

0 

. 

0 


ns 

16 

Data-in Hold Time 

tDH 

10 

J 

10 

_ 

ns 

16 

Write command Setup Time 

twes 

0 

_ 

0 

_ 

ns 

17 

CAS to WE Delay Time 

tCWD 

32 

_ 

37 

_ 

ns 

17 

RAS to WE Delay Time 

tRWD 

87 

_ 

99 

_ 

ns 

17 

Column Address to WE Delay Time 

tAWD 

52 

- 

59 

- 

ns 

17 
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( 2 / 2 ) 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

WE Lead Time Referenced to RAS 

tRWL 

15 

- 

17 

- 

ns 


WE Lead Time Referenced to CAS 

tCWL 

10 

- 

12 

- 

ns 


CAS SetUD Time for CAS before RAS Refresh 

tCSR 

5 

- 

5 

- 

ns 


CAS Hold Time for CAS before RAS Refresh 

tCHR 

10 

- 

10 

- 

ns 


WE Setup Time 

tWSR 

10 

- 

10 

- 

ns 


WE Hold Time 

tWHR 

15 

- 

15 

- 

ns 


Refresh Time 

tREF 

- 

32 

- 

32 

ms 



HYPER PAGE MODE 


PARAMETER 

SYMBOL 

tRAC - 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tHPC 

25 

- 

30 

- 

ns 


RAS Pulse Width 

1RASP 

60 

125,000 

70 

125,000 

ns 


CAS Pulse Width 

tHCAS 

10 

10,000 

12 

10,000 

ns 


CAS Precharge Time 

tCP 

10 

- 

10 

- 

ns 


CAS Precharge to WE Delay Time 

tCPWD 

52 

- 

59 

- 

ns 

17 

Read Modify Write Cycle Time 

tHPRWC 

66 

- 

75 

- 

ns 


Data Output Hold Time 

tDHC 

5 

- 

5 

- 

ns 


OE to CAS Hold Time 

tOCH 

5 

- 

5 

- 

ns 

18 

OE Precharge Time 

tOEP 

5 

- 

5 

- 

ns 


CAS Hold Time to OE 

tCHO 

5 

- 

5 

- 

ns 

18 

Output Buffer Turn-off Delay from WE 

tWEZ 

0 

13 

0 

15 

ns 

12, 18 

WE Pulse Width 

tWPZ 

10 

- 

10 

- 

ns 

18 

Output Buffer Turn-off Delay from RAS 

tOFR 

0 

13 

0 

15 

ns 

12,18 

Output Buffer Turn-off Delay from CAS 

tOFC 

0 

13 

0 

15 

ns 

12,18 


too. 

1 . All voltages are referenced to GND . 

2. After power up, wait more than lOOps and then, execute eight CAS before FtAS or RAS 
only refresh cycles as dummy cycles to initialize internal circuit. 

3. ICC1, ICC3, ICC4 and ICC5 depend on cycle rates ( tRC and tHPC ) . 

4. Specified values are obtained with outputs unloaded. 

5. ICC3 is measured assuming that all column address inputs are held at either high or iow. 

6. ICC4 is measured assuming that all column address inputs are switched only once during 
each Hyper page cycle. 

7 ICC1 and ICC3 are measured assuming that address can be changed once or less during 
RAS£VIL(MAX.) and CAS^VIH(MIN.) . 

8. AC measurements assume tT =2ns . 
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Notes: 

9. AC Characteristics test condition 


(1) Input timing specification 


VIH (MIN.) = 2.4V 
VIL (MAX.) = 0.8V 



tT ■ 2ns 


(2) Output timing specification 

VOH (MIN.) = 2.4V 
VOL (MAX.) = 0.8V 




IT ■ 2 ns 



10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD £ tRAD(MAX.) and tRCD £ 1RCD(MAX.) 

tRAC(MAX.) 

tRAC(MAX.) 

tRAD > tRAD(MAX.) and tRCD £ tRCD(MAX.) 

tAA(MAX.) 

tRAD + tAA(MAX.) 

tRCD > tRCD(MAX.) 

tCAC(MAX.) 

tRCD + tCAC(MAX-) 


tRAD(MAX.) and tRCD(MAX.) are specified as reference points only ; they are not restrictive 
operating parameters. They are used to determine which access time (tRAC, tAA or tCAC) 
is to be used for finding out when output data will be available. Therefore, the input conditions 
tRAD^tRAD(MAX.) and tRCD^tRCD(MAX.) will not cause any operation problems. 


11. Loading conditions are 2TTLs and lOOpF. 

12. tOFC (MAX.), tOFR(MAX.), tWEZ (MAX.) and tOEZ(MAX.) defines the time when the output achieves the 
condition of Hi-Z and are not referenced to VOH or VOL. 

13. tCRP(MIN.) requirement is applied to RAS/CAS cycles preceded by any cycles. 

14. Either tRCH(MIN.) or tRRH(MIN.) should be met in read cycles. 

15. tWP(MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, tWCH (MIN.) should 
be met. 

16. tDS(MIN.) and tDH(MIN.) are referenced to the CAS falling edge in early write cycles. In late 
write cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If tWCS^tWCS (MIN.) , the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD^tRWD (MIN.) , tCWD^tCWD(MIN.) , tAWD^tAWD(MIN.) and tCPWD^tCPWD(MIN.) , 
the cycle is a read modify write cycle and the data out will contain data read from the selected cell. 

If neither of the above conditions is met, the state of the data out is indeterminate. 


18. To make I/O to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 
specification depends on state of each signal. 

(1) RAS, CAS: inactive (at the end of read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 
tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE: active, OE: active...tWEZ, tWPZ are effective. 

WE: inactive, OE: inactive... tOEZ is effective. 
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Timing Chart 

Please refer to Timing Chart 10, page 473. 






















PRELIMINARY DATA SHEET 

MOS INTEGRATED CIRCUIT 

MC-422000LFB72F 


3.3 V OPERATION 2M -WORD BY 72-BIT DYNAMIC RAM MODULE 

HYPER PAGE MODE (ECC) 



Description 

The MC-422000LFB72F is a 2 097 152 words by 72 bits dynamic RAM module on 
which 9 pieces of 16M DRAM ( jiaPD 4217805L) are assembled. 

This module provide high density and large quantities of memory in a small space 
without utilizing the surface-mounting technology on the printed circuit board. 
Decoupling capacitors are mounted on power supply line for noise reduction. 


Features 

- Hyper page mode ( EDO) 

- 2 097 152 words by 72 bits organization 

- Fast access and cycle time 


Family 

Access time 
(MAX.) 

R/W cycle time 
(MIN.) 

Hyper page mode 
cycle time (MIN.) 

Power consumption 
(MAX.) 


Active 

Standby 

MC- 422000LFB72-A60 

60 ns 

104 ns 

25 ns 

3.28 w 

147.6mw 

MC- 422000LFB72-A70 

70 ns 

124 ns 

30 ns 

2.95 w 

(CMOS level) 


- 2 048 refresh cycles/32 m$ 

- CAS before RAS refresh , RAS only refresh , Hidden refresh. 

- 168-pin dual in-line memory module (pin pitch = 1.27 mm) 
-Single +3.3 V±0.3V power supply 

Ordering information 


Part Number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC- 422000LFB72F-A60 

60ns 

168 -pin Dual In-line 
Memory Module 

(Socket Type) 

Edge connector Gold plating 

9 pieces of 
uPD 4217805LG5 
(400mil TSOP) 
[Double side] 

MC- 422000LFB72F-A70 

70ns 


The information in this document is subject to change without notice. 


110042EJ4V0DS00 (Japan) 
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MC-422000LFB7: 


Pin Configuration 


168-pin Dual In-line Memory Module Socket Type (Edge Connector : Gold plating) 


u 0 




0 u 

85 

GND 

GND 

1 


86 

< 4-4 I/O 36 

1/0 0 

2 


87 

< 4-4 I/O 37 

I/O 1 - 0-4 

3 


88 

< 4-4 I/O 38 

1/0 2 

4 


89 

1/0 39 

1/0 3 

5 





Q 


91 

- 4-4 I/O 40 

|/0 4 - 4-4 

7 


92 

< 4-4 I/O 41 

1/0 5 - 4-4 

8 


93 

« 4-4 I/O 42 

1/0 6 - 4-4 

9 


94 

■ 4-4 I/O 43 

1/0 7 

10 


Cl 



Z > 


9T 

■*-4 I/O 44 

1/0 8 - 4-4 

11 



- ■■ GND 

GND 



97 

* 4-4 I/O 45 

1/0 9 - 4-4 

13 


98 

■ 4-4 I/O 46 

I/O 10 4-4 

14 


99 

■ 4-4 I/O 47 

1/0 11 - 0-4 

15 


100 

■ 4-4 I/O 48 

I/O 12 - 4-4 

16 


101 

■ 4-4 I/O 49 

I/O 13 - 4-4 

17 


102 

Vcc 

Vcc 

18 


103 

■ 4—4 I/O 50 

I/O 14 - 4-4 

19 


104 

* 4—4 I/O 51 

I/O 15 - 4-4 

20 


105 

0-4 1/0 52 

I/O 16 - 4-4 

21 


106 

0-4 1/0 53 

I/O 17 - 4-4 

22 


107 

GND 

GND 

23 



NC 




109 

NC 

NC 

25 




Vcc 



111 

NC 

WEo — ► 

27 


112 

NC 

CASO 4 

28 


113 

NC 

NC 

29 


1 14 

NC 

— ► 

30 


115 

NC 

6£6 — ► 

31 


116 

GND 

GND 

32 


117 

•4 A1 

AO 4 

33 


118 

<4 A3 

A2 4 

34 


119 

■4 A5 

A4 4 

35 


120 

< A7 

A6 4 

36 


121 

<3 A9 

A8 4 

37 


122 

NC 

A10 ► 

38 


123 

NC 

NC 

39 


124 

Vcc 

Vcc 

40 


<q 



p 


125 

NC 

NC 

41 


126 

-4 BO 

NC 

42 


127 

GND 

GND 

43 


128 

NC 

— ► 

44 


129 

NC 

RAS2 4 

45 


130 

NC 

CAS4 4 

46 


131 

NC 

NC 

47 


132 

< — FEF 

WES — ► 

48 


133 

Vcc 

Vcc 

49 


134 

NC 

NC 

50 


135 

NC 

NC 

Cl 


136 

h 4-4 1/0 54 

I/O 18 - 4-4 

ol 

52 


137 

- 0-4 I/O 55 

I/O 19 4-4 

53 


138 

— ^ GND 

nwn __ 

CA 


139 

■ 4-4 I/O 56 

VJINU — — 

1/0 20 * 0—4 

OH 

55 


140 

- 4-4 I/O 57 

1/0 21 - 4-4 

56 


141 

4-^ 1/0 58 

1/0 22 -4-4 

57 


142 

I/O 59 

1/0 23 -4-4 

58 


A An 

Vcc 

Vcc — — 



140 

144 

- 4-4 I/O 60 

1/0 24 - 4-4 

59 

60 


145 

NC 

NC 

61 


146 

NC 

NC 

62 


147 

1 AQ 

— — NC 

NC 



MG 

Nc 

63 


1 ‘♦O 

149 

< 4-4 1/0 61 

I/O 25 - 0-4 

D4 

65 


150 

< 4-4 1/0 62 

1/0 26 -4-4 

66 


151 

- 4-4 1/0 63 

1/0 27 - 4-4 

67 


152 

GND 

GND 

68 


153 

* 0-4 1/0 64 

1/0 28 - 4-4 

69 


154 

1/0 65 

1/0 29 - 4-4 

70 


155 

- 4-4 I/O 66 

1/0 30 - 4-4 

71 


156 

- 4-4 I/O 67 

1/0 31 - 4-4 

72 


157 

Vcc 

Vcc 

73 


158 

- 0-4 1/0 68 

1/0 32 *4—4 

74 


159 

- 4-4 I/O 69 

1/0 33 - 4-4 

75 


160 

* 0-4 I/O 70 

1/0 34 * 4—4 

76 


161 

< 4-4 1/0 71 

1/0 35 - 4-4 

77 


162 

GND 

GND 

78 


163 

— 4 PD2 

PD1 -4 — 

79 


164 

— 4 PD4 

PD3 -4 — 

80 


165 

— 4 PD6 

PD5 -4 

81 


166 

4 PD8 

PD7 -4 

82 


167 

ID1 

IDO 

83 


168 

Vcc 

Vcc 

84 


r\ o 




o r\ 


PD and ID Table 








[2521 



ra 

M 



— 

n 



w 

M 



MM 

if 



B!1 

n 



M 




MM 

CT 



w 

n 



Kcfcin 

■ci:i»a 






Note) H : VOH , L: VOL 


A0-A10, BO 
1/0 0-1 / 0 71 
RASP , RAS2 
CASO, CAS 4 
WEO , WE2 
OEO.OE2 
PDE 

PD1-PD8 
IDO, ID1 
Vcc 
GND 
NC 


: Address Inputs 
: Data Inputs / Outputs 
: Row Address Strobe 
: Column Address Strobe 
: Write Enable 
: Output Enable 
: Presence Detect Enable 
: Presence Detect Pins 
: Identity pins 
Power Supply 
Ground 

: No connection 
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Block Diagram 



I/O 32 o— 

1/08 

1/0 330 - 

1/07 

1/0 34 0 

1/06 

I/O 350 

1/05 

I/O 360— 

1/04 

1/0 370 — 

1/03 

1/0 38 0 

1/02 

i ir-\ on 

1/01 

I/O 39 ® 


CAS RAS WE OE 


D4 



AO 

BO 



AO : DO to D4 
AO : D5 to D8 


A1 to A10« 


DO to D8 


IDO tolDI 
PDE 
PD1 to PD8 


:=b 


NC or GND 

Vcc or GND 


Vcc o -9 - O- DO to D8 

■■"f CO- CO 

GND Q &&-D0 to D8 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

VT 


-0.5 to +4.6 

V 

Supply voltage 

vcc 


-0.5 to +4.6 

V 

Output current 

10 


20 

mA 

Power dissipation 

PD 


11 

W 

Operating temperature 

Topt 


0 to +70 

*c 

Storage temperature 

Tstg 


-55 to +125 

V 


Remark Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage . The device in not meant to be operated under conditions outside the limits 
described in the operational sections of this specification . Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (notes si, 2) 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

VCC 


3.0 

3.3 

3.6 

V 

High level input voltage 

VIH 


2.0 


Vcc + 0.3 

V 

Low level input voltage 

VIL 


-0.3 


+0.8 

V 

Ambient temperature 

Ta 


0 


70 

■c 


CAPACITANCE (Ta=25°C ,f=lMHz) 


Parameter 

Symbol 

Test condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

C I 1 

A0 -A 10, B0 



20 

pF 

C I 2 

weD.wITS 



20 

pF 

C I 3 

raTD, raSI 



50 

pF 

C 14 

CaSHS, CaS 4 



20 

pF 

C 15 

OEo, DEI 



20 

pF 

Data Input/ 

Output capacitance 

C I/O 

I/O 0 - I/O 71 



20 

pF 


338 







MC-422000LFB72F 


DC CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


PARAMETER 

SYMBOL 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

NOTES 

Operating Current 

Iccl 

RAS , CAS Cycling 

tRC=tRC (MIN.) , IO=0mA 

tRAc=60ns 


910 

mA 

m 

tRAc=70ns 


820 

Standby Current 

Icc2 

RAS, CAS ^ Vih ( min.) 


82 

mA 


RAS, CAS ^ Vcc-0.2V 


41 

RAS only refresh current 

Icc3 

RAS Cycling , CAS ^ Vm 

tRC=tRC(MIN.) , IO=0mA 

tRAc=60ns 


910 

mA 

3, 4, 5, 7 

tRAc=70ns 


820 

Operating Current 
(Hyper Page Mode) 

Icc4 

RAS S VIL , CAS Cycling 
tHPC=tHPC (MIN.), IO=0mA 

tRAc=60ns 


820 

mA 

3, 4,6 

tRxc=70ns 


730 

CAS before RAS 
refresh current 

Icc5 

tRC=tRC(MIN.) 

IO=0mA 

tRAc=60ns 


910 

mA 

3,4 

tRAc=70ns 


820 

Input Leakage Current 

Il(L) 

VI=0 to 3.6V 

all other pins not under test = OV 

RAS 

-5 

+5 

\lA 


others 

-5 

+1 

Output Leakage Current 

Io(L) 

Outputs are disabled (Hi - Z) 

VO=0to 3.6V 

-5 

+5 

M-A 


High level output voltage 

VoH 

IO=-2.0mA 

2.4 


V 


Low level output voltage 

VOL 

IO=+2.0mA 


0.4 

V 
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AC CHARACTERISTICS Notes 8 ,9 

( Recommended Operating Conditions unless otherwise noted ) 

( 1 / 2 ) 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

Random Read or Write Cycle Time 

tRC 

104 

- 

124 

- 

ns 


Read Modify Write Cycle Time 

tRWC 

133 

- 

157 

- 

ns 


Access Time from RAS 

tRAC 

_ 

60 


70 

ns 

10,11 

Access Time from CAS 

tCAC 

_ 

20 


23 

ns 

10,11 

Access Time from Column Address 

tAA 

- 

35 

- 

40 

ns 

10,11 

Access Time from CAS Precharge 

tACP 

- 

40 

- 

45 

ns 

11 

Access Time from OE 

tOEA 

- 

20 

- 

23 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 

- 

0 

- 

ns 

11 

OE to Data Setup Time 

tOLZ 

0 

- 

0 

- 

ns 

11 

OE to Data Delay Time 

tOED 

13 

- 

15 

- 

ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

13 

0 

15 

ns 

12 

OE Hold Time 

tO EH 

0 

_ 

0 


ns 


OE Lead Time Referenced to RAS 

tOES 

0 

- 

0 

- 

ns 


Transition Time ( Rise and Fall ) 

tT 

1 

50 

1 

50 

ns 


RAS Precharge Time 

tRP 

40 

- 

50 

- 

ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

ns 


RAS Hold Time 

tRSH 

10 

- 

12 

- 

ns 


CAS Pulse Width 

tCAS 

10 

10,000 

12 

10.000 

ns 


CAS Hold Time 

tCSH 

40 

_ 

50 

_ 

ns 


RAS to CAS Delav Time 

tRCD 

14 

45 

14 

52 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 

_ 

5 

_ 

ns 

13 

CAS Precharge Time 

tCPN 

10 

_ 

10 

_ 

ns 


RAS Pre charge CAS Hold Time 

tRPC 

5 

_ 

5 

_ 

ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 

_ 

45 

_ 

ns 


Row Address Setup Time 

tASR 

5 

_ 

5 

_ 

ns 


Row Address Hold Time 

tRAH 

10 

_ 

10 

_ 

ns 


Column Address Setup Time 

tASC 

0 

. 

0 

. 

ns 


Column Address Hold Time 

tCAH 

10 

_ 

12 

_ 

ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 

. 

35 

_ 

ns 


Read Command Setup Time 

tRCS 

0 

. 

0 

_ 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

. 

0 

_ 

ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

_ | 

0 

_ 

ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 

j 

10 

_ 

ns 

.15 

WE Pulse Width 

tWP 

10 

_ 

10 

_ 

ns 

15 

Data-in SetUD Time 

tDS 

0 

. 

0 

. 

ns 

16 

Data-in Hold Time 

tDH 

10 

_ 

10 

_ 

ns 

16 

Write command Setup Time 

twes 

0 

_ 

0 

_ 

ns 

17 

CAS to WE Delay Time 

tCWD 

32 

_ 

37 

_ 

ns 

17 

RAS to WE Delay Time 

tRWD 

87 

_ 

99 

_ 

ns 

17 

Column Address to WE Delay Time 

tAWD 

52 i 

- 

59 i 

- 

ns 

17 
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( 2 / 2 ) 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

WE Lead Time Referenced to RAS 

tRWL 

15 

- 

17 

- 

ns 


WE Lead Time Referenced to CAS 

tCWL 

10 

_ 

12 

. 

ns 


CAS Setup Time for CAS before RAS Refresh 

tCSR 

5 

- 

5 

- 

ns 


CAS Hold Time for CAS before RAS Refresh 

tCHR 

10 

- 

10 

- 

ns 


WE Setup Time 

tWSR 

10 

- 

10 

- 

ns 


WE Hold Time 

tWHR 

15 

- 

15 

- 

ns 


Refresh Time 

tREF 

- 

32 

- 

32 

ms 



HYPER PAGE MODE 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MEM. 

MAX. 

MIN. 

MAX. 

Read / Write Cvcle Time 

tHPC 

25 

- 

30 

- 

ns 


RAS Pulse Width 

tRASP 

60 

125,000 

70 

125,000 

ns 


CAS Pulse Width 

tHCAS 

10 

10,000 

12 

10,000 

ns 


CAS Precharge Time 

tCP 

10 

- 

10 

- 

ns 


CAS Precharge to WE Delay Time 

tCPWD 

52 

- 

59 

- 

ns 

17 

Read Modify Write Cycle Time 

tHPRWC 

66 

- 

75 

- 

ns 


Data Output Hold Time 

tDHC 

5 

- 

5 

- 

ns 


OE to CAS Hold Time 

tOCH 

5 

- 

5 

- 

ns 

18 

OE Precharge Time 

tOEP 

5 

- 

5 

- 

ns 


CAS Hold Time to OE 

tCHO 

5 

- 

5 

- 

ns 

18 

Output Buffer Tum-off Delay from WE 

tWEZ 

0 

13 

0 

15 

ns 

12,18 

WE Pulse Width 

tWPZ 

10 

- 

10 

- 

ns 

18 

Output Buffer Tum-off Delay from RAS 

tOFR 

0 

13 

0 

15 

ns 

12, 18 

Output Buffer Tum-off Delay from CAS 

tOFC 

0 

13 

0 

15 

ns 

12,18 


(CO. 

1 . All voltages are referenced to GND . 

2. After power up, wait more than lOO^is and then, execute eight CAS before RAS or RAS 
only refresh cycles as dummy cycles to initialize internal circuit. 

3. ICC1, ICC3, ICC4 and ICC5 depend on cycle rates ( tRC and tHPC ) . 

4. Specified values are obtained with outputs unloaded. 

5. ICC3 is measured assuming that all column address inputs are held at either high or low. 

6. ICC4 is measured assuming that all column address inputs are switched only once during 
each Hyper page cycle. 

7. ICC1 and ICC3 are measured assuming that address can be changed once or less during 
RAS£VIL(MAX.) and CAS^VIH(MIN.) . 

8. AC measurements assume tT =2ns . 
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Notes: 

9. AC Characteristics test condition 

(1) Input timing specification 

VIH (MIN.) = 2.0V 
VIL (MAX.) = 0.8V 

(2) Output timing specification 

VOH (MIN.) s 2.0 V 
VOL (MAX.) = 0.8V 

10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD £ tRAD(MAX.) and tRCD 2S tRCD(MAX.) 

tRAC(MAX.) 

tRAC(MAX.) 

tRAD > tRAD(MAX.) and tRCD 3 tRCD(MAX.) 

tAA(MAX.) 

tRAD + tAA(MAX.) 

tRCD > tRCD(MAX.) 

tCAC(MAX.) 

tRCD + tCAC(MAX.) 


tRAD(MAX.) and tRCD(MAX.) are specified as reference points only ; they are not restrictive 
operating parameters. They are used to determine which access time (tRAC, tAA or tCAC) 
is to be used for finding out when output data will be available. Therefore, the input conditions 
tRAD^tRAD(MAX.) and tRCD^tRCD(MAX.) will not cause any operation problems. 


j v 

tT = 2ns IT = 2ns 


1 1 . Loading conditions are 1 TTLs and 1 00 pF. 

12. tOFC (MAX.), tOFR(MAX.), tWEZ (MAX.) and tOEZ(MAX.) defines the time when the output achieves the 
condition of Hi-Z and are not referenced to VOH or VOL. 

13. tCRP(MIN.) requirement is applied to RAS/CAS cycles preceded by any cycles. 

14. Either tRCH(MIN.) or tRRHfMIN.) should be met in read cycles. 

15. tWP(MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, tWCH (MIN.) should 
be met. 

16. tDS(MIN.) and tDH(MIN.) are referenced to the CAS falling edge in early write cycles. In late 
write cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If tWCS^tWCS (MIN.) , the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD^tRWD (MIN.) , tCWD^tCWD(MIN.) , tAWD^tAWD(MIN.) and tCPWD^tCPWD(MIN.) , 
the cycle is a read modify write cycle and the data out will contain data read from the selected cell. 

If neither of the above conditions is met, the state of the data out is indeterminate. 


18. To make I/O to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 
specification depends on state of each signal. 

(1) RAS, CAS: inactive (at the end of read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 
tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE: active, OE: active...tWEZ, tWPZ are effective. 

WE: inactive, OE: inactive.. .tOEZ is effective. 
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Timing Chart 

Please refer to Timing Chart 10, page 473. 































PRELIMINARY DATA SHEET 


MOS INTEGRATED CBRCU1T 

WiC°424©00FC72F 


m -WORD BY 72-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE (EGG) 


Description 

The MC-424000FC72F is a 4 194 304 words by 72 bits dynamic RAM module on 
which 18 pieces of 16M DRAM ( uPD 4216405) are assembled. 

This module provide high density and large quantities of memory in a small space 
without utilizing the surface-mounting technology on the printed circuit board. 
Decoupling capacitors are mounted on power supply line for noise reduction. 


Features 

- Hyper page mode ( EDO) 

- 4 194 304 words by 72 bits organization 

- Fast access and cycle time 


Family 

Access time 
(MAX.) 

R/W cycle time 
(MIN.) 

Hyper page mode 
cycle time (MIN.) 

Power consumption 
(MAX.) 

Active 

Standby 

MC- 424000FC72-60 

60 ns 



8.82w 

106mw 
(CMOS level) 

| MC- 421000FC72-70 

70 ns 

124 ns 

30 ns 

7.88w 


- 4 096 refresh cycles/64 ms 

- CAS before RAS refresh , RAS only refresh , Hidden refresh. 

- 168-pin dual in-line memory module (pin pitch = 1.27 mm) 

- Single +5.5 V±0.25V power supply 

Ordering information 



Access time 
(MAX.) 


Mounted devices 

MC- 424000FC72F-60 

60ns 

168-pin Dual In-line 
Memory Module 

(Socket Type) 

Edge connector Gold plating 

18 pieces of 
uPD 421 6405G3 
(300mil TSOP) 
[Double side] 

MC- 424000FC72F-70 

70ns 


The information in this document is subject to change without notice. 


yH054BEJ1 VODSOO (Japan) 
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Pin Configuration 

168-pin Dual in-line Memory Module Socket Type (Edge Connector : Gold plating) 



QND 
1/0 36 
1/0 37 
1/0 38 
1/0 39 
Vcc 
1/0 40 
1/0 41 
1/0 42 
1/0 43 


1/0 44 
GND 
1/0 45 
1/0 46 
1/0 47 
1/0 48 
1/0 49 
Vcc 
1/0 50 
1/0 51 
1/0 52 


1/0 53 

GND 

NC 

NC 

Vcc 

NC 

NC 

NC 

NC 

NC 

GND 

A1 

A3 

A5 

A7 

A9 

All 

NC 

Vcc 


NC 

BO 

GND 

NC 

NC 

NC 

NC 

FEE 

Vcc 
NC 
NC 
1/0 54 
1/0 55 
GND 
1/0 56 
I/O 57 
1/0 58 
I/O 59 
Vcc 
I/O 60 
NC 
NC 
NC 
NC 
1/0 61 
1/0 62 
1/0 63 
GND 
1/0 64 
1/0 65 
1/0 66 
1/0 67 
Vcc 
1/068 
1/0 69 
1/0 70 
1/0 71 
GND 
PD2 
PD4 
PD6 
PD8 
ID1 
Vcc 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 


1/0 8 
GND 
1/0 9 
1/0 10 
1/0 11 
1/0 12 
I/O 13 
Vcc 
1/014 
I/O 15 
1/0 16 
I/O 17 
GND 
NC 
NC 
Vcc 
WEB 
CASO 
NC 


GND 

AO 

A2 

A4 

AG 

Afl 

A10 

NC 

Vcc 


NC 

NC 


GND 

S2L 

KAS2 


WE3 

Vcc 

NC 

NC 


1/0 18 
I/O 19 
GND 
1/0 20 
1/0 21 
1/0 22 
1/0 23 


Vcc 


1/0 24 
NC 
NC 
NC 
NC 
1/0 25 
1/0 26 
1/0 27 
GND 
1/0 28 
1/0 29 
1/0 30 
1/0 31 
Vcc 


1/0 32 

1/0 33 

1/0 34 

1/0 35 

GND 

PD1 

PD3 

PD5 

PD7 

IDO 

Vcc 



PD and ID Table 







ESH 


■331 


mm 

mm 

■331 


KB 

mm 

■3S1 


BOB 

DH 

■321 


KB 

mm 

■331 


B!fl 

mm 

mm 


KB 

■OH 

■331 


KB 

W!M 

■321 


mm 

msm 

■BIB 


K1TTCI 


■m 


EZ3 



Note) H : VOH , L:V0L 


AO - A1 1 , BO : Address Inputs 
1/0 0-1/071 : Data Inputs / Outputs 
ftASO , ftAS2 : Row Address Strobe 
CASO, gAS4 : Column Address Strobe 


WE0.WE2 
OEO, OE2 
PDE 

PD1- PD8 
IDO, ID1 
Vcc 
GND 
NC 


: Write Enable 
: Output Enable 
: Presence Detect Enable 
: Presence Detect Pins 
: Identity pins 
: Power Supply 
: Ground 
: No connection 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

VT 


-l.Oto +7.0 

V 

Supply voltage 

VCC 


-l.Oto +7.0 

V 

Output current 

10 


50 

mA 

Power dissipation 

PD 


20 

W 

Operating temperature 

Topt 


0 to +70 

“C 

Storage temperature 

Tstg 


-55 to +125 

r 


Remark Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage . The device in not meant to be operated under conditions outside the limits 
described in the operational sections of this specification . Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability . 


RECOMMENDED OPERATING CONDITIONS (notes si, 2) 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

VCC 


4.75 

5.0 

5.25 

V 

High level input voltage 

VIH 


2.4 


Vcc+1.0 

V 

Low level input voltage 

VIL 


-1.0 


+0.8 

V 

Ambient temperature 

Ta 


0 


70 

“C 


CAPACITANCE (Tffl=2S°C , f=l MHz ) 


Parameter 

Symbol 

Test condition 

IVON. 

TYP. 

MAX. 

Unit 

Input capacitance 

CI1 

AO - A10, B0 



20 

pF 

C I 2 

WE 0, WE 2 



20 

pF 

C 1 3 

RAS 0, RAS 2 



78 

pF 

C I 4 

CAS0, CAS4 



20 

pF 

C 1 5 

OEO, OE2 



20 

pF 

Data Input/ 

Output capacitance 

CI/O 

I/O 0-1/0 71 



20 

pF 
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DC CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


PARAMETER 

SYMBOL 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

NOTES 

Operating Current 

Iccl 

RAS , CAS Cycling 
tnc=tRc (min.) , 10=0 mA 

tRAc=60ns 


1680 

mA 

3, 4,7 

tRAc=70ns 


1 500 

Standby Current 

Icc2 

RAS, CAS ^ Vih ( min.) 


100 

mA 


RAS, CAS ^ Vcc-0.2V 


82 

RAS only refresh current 

Icc3 

RAS Cycling , CAS ^ Vih 
tRc=tRc (min.) , IO=0mA 

tRAc— 60ns 


1680 

mA 

3, 4, 5, 7 

titAc=70ns 


1 500 

Operating Current 
(Hyper Page Mode) 

Icc4 

RAS ^ VIL , CAS Cycling 
tHPC=tHPC (MIN.), IO=0mA 

tRAC=60ns 


1680 

mA 

3, 4,6 

tRAc=70ns 


1500 

CAS before RAS 
refresh current 

Icc5 

tliC=tllC (MIN.) 

IO=0mA 

triAC=60ns 


1680 

mA 

3,4 

tRAC=70ns 


1500 

Input Leakage Current 

Il(L) 

VI=0 to 5.25V 

all other pins not under test = OV 

RAS 

-10 

+10 

MA 


others 

-5 

+1 

Output Leakage Current 

lo ( L ) 

Outputs arc disabled (Hi - Z) 

VO=0 to 5.25V 

-10 

+10 

MA 


High level output voltage 

VoH 

IO=-5.0mA 

2.4 


V 


Low level output voltage 

VOL 

IO=+4.2mA 


0.4 

V 
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AC CHARACTERISTICS Notes s,9 

( Recommended Operating Conditions unless otherwise noted ) 

( 1 / 2 ) 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

Random Read or Write Cycle Time 

tRC 

104 

- 

124 

- 

ns 


Read Modify Write Cycle Time 

tRWC 

133 

. 

157 

. 

ns 


Access Time from RAS 

tRAC 

. 

60 

_ 

70 

ns 

10,11 

Access Time from CAS 

tCAC 

- 

20 

- 

23 

ns 

10,11 

Access Time from Column Address 

tAA 

. 

35 

- 

40 

ns 

10,11 

Access Time from CAS Precharge 

tACP 

- 

40 

- 

45 

ns 

11 

Access Time from OE 

tOEA 

- 

20 

- 

23 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 

- 

0 

- 

ns 

11 

OE to Data Setup Time 

tOLZ 

0 

- 

0 

- 

ns 

11 

OE to Data Delay Time 

tOED 

13 

- 

15 

- 

ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

13 

0 

15 

ns 

12 

OE Hold Time 

tOEH 

0 

_ 

0 

- 

ns 


OE Lead Time Referenced to RAS 

tOES 

0 

- 

0 

- 

ns 


Transition Time ( Rise and Fall ) 

tT 

1 

50 

1 

50 

ns 


RAS Precharge Time 

tRP 

40 

- 

50 

- 

ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

ns 


RAS Hold Time 

tRSH 

10 

- 

12 

- 

ns 


CAS Pulse Width 

tCAS 

10 

10.000 

12 

10.000 

ns 


CAS Hold Time 

tCSH 

40 

_ 

50 

_ 

ns 


RAS to CAS Delay Time 

tRCD 

14 

45 

14 

52 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 

_ 

5 

_ 

ns 

13 

CAS Precharge Time 

tCPN 

10 

_ 

10 

_ 

ns 


RAS Precharge CAS Hold Time 

tRPC 

5 

_ 

5 

_ 

ns 


RAS Hold Time from CAS Precharge 

tRHCP 

... 40 _ 

_ 

45 

_ 

ns 


Row Address Setup Time 

tASR 

5 

- 

5 


ns 


Row Address Hold Time 

tRAH 

10 

_ 

10 

_ 

ns 


Column Address Setup Time 

tASC 

0 

. 

0 

_ 

ns 


Column Address Hold Time 

tCAH 

10 

_ 

12 

_ 

ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 

_ 

35 

> 

ns 


Read Command Setup Time 

tRCS 

0 

- 

0 

- 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

. 

0 

. 

ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

_ 

0 

_ 

ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 

_ 

10 

_ 

ns 

15 

WE Pulse Width 

tWP 

10 

_ 

10 

_ 

ns 

15 

Data-in Setup Time 

tDS 

0 

_ 

0 

_ 

ns 

16 

Data-in Hold Time 

tDH 

10 

_ 

10 

_ 

ns 

16 

Write command Setup Time 

twes 

0 


0 

_ 

ns 

17 

CAS to WE Delay Time 

tCWD 

32 

_ 

37 

_ 

ns 

17 

RAS to WE Delay Time 

tRWD 

87 

_ 

99 

_ 

ns 

17 

Column Address to WE Delay Time 

tAWD 

52 

- 

59 

- 

ns 

17 
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( 2 / 2 ) 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

WE Lead Time Referenced to RAS 

tRWL 

15 

- 

17 

- 

ns 


WE Lead Time Referenced to CAS 

tCWL 

10 

. 

12 

_ 

ns 


CAS Setun Time for CAS before RAS Refresh 

tCSR 

5 

- 

5 

- 

ns 


CAS Hold Time for CAS before RAS Refresh 

tCHR 

10 

- 

10 

- 

ns 


WE Setup Time 

tWSR 

10 

- 

10 

- 

ns 


WE Hold Tune 

tWHR 

15 

- 

15 

- 

ns 


Refresh Time 

tREF 

- 

64 

- 

64 

ms 



HYPER PAGE MODE 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 



MIN. 

MAX. 

MIN. 

MAX. 

UNIT 

NOTES 

Read / Write Cvcle Time 

tHPC 

25 

- 

30 

- 

ns 


RAS Pulse Width 

tRASP 

60 

125,000 

70 

125,000 

ns 


CAS Pulse Width 

tHCAS 

10 

10,000 

12 

10,000 

ns 


CAS Precharge Time 

tCP 

10 

- 

10 

- 

ns 


CAS Precharge to WE Delay Time 

tCPWD 

52 

- 

59 

- 

ns 

17 

Read Modify Write Cycle Time 

tHPRWC 

66 

- 

75 

- 

ns 


Data Output Hold Time 

tDHC 

5 

- 

5 

- 

ns 


OE to CAS Hold Time 

tOCH 

5 

- 

5 

- 

ns 

18 

OE Precharge Time 

tOEP 

5 

- 

5 

- 

ns 


CAS Hold Time to OE 

tCHO 

5 

- 

5 

- 

ns 

18 

Output Buffer Turn-off Delay from WE 

tWEZ 

0 

13 

0 

15 

ns 

12, 18 

WE Pulse Width 

tWPZ 

10 

- 

10 

- 

ns 

18 

Output Buffer Turn-off Delay from RAS 

tOFR 

0 

13 

0 

15 

ns 

12, 18 

Output Buffer Turn-off Delay from CAS 

tOFC 

0 

13 

0 

15 

ns 

12, 18 


tes: 

1 . All voltages are referenced to GND . 

2. After power up, wait more than lOOps and then, execute eight CAS before RAS or RAS 
only refresh cycles as dummy cycles to initialize internal circuit. 

3. ICC1, ICC3, ICC4 and ICC5 depend on cycle rates ( tRC and tHPC ) . 

4. Specified values are obtained with outputs unloaded. 

5. ICC3 is measured assuming that all column address inputs are held at either high or low. 

6. ICC4 is measured assuming that all column address inputs are switched only once during 
each Hyper page cycle. 

7. ICC1 and ICC3 are measured assuming that address can be changed once or less during 
RAS^VIL(MAX.) and CAS^VIH(MIN.) . 

8. AC measurements assume tT =2ns . 
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Notes: 

9. AC Characteristics test condition 


(1) Input timing specification 


VIH (MIN.) = 2.4V 
VIL (MAX.) = 0.8V 

(2) Output timing specification 

VOH (MIN.) = 2.4V 
VOL (MAX.) = 0.8V 



v 

tT«2na 



10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD £ tRAD(MAX.) and tRCD 5 tRCD(MAX.) 

tRAC(MAX.) 

tRAC(MAX.) 

tRAD > tRAD(MAX) and tRCD £ tRCD(MAX.) 

tAA(MAX.) 

tRAD + tAA(MAX.) 

tRCD > tRCD(MAX.) 

tCAC(MAX.) 

tRCD + tCAC(MAX.) 


tRAD(MAX.) and tRCD(MAX.) are specified as reference points only ; they are not restrictive 
operating parameters. They are used to determine which access time (tRAC, tAA or tCAC) 
is to be used for finding out when output data will be available. Therefore, the input conditions 
tRAD^tRAD(MAX.) and tRCD^tRCD(MAX.) will not cause any operation problems. 


11. Loading conditions are 2TTLs and 100 pF. 

12. tOFC (MAX.), tOFR(MAX.), tWEZ (MAX.) and tOEZ(MAX.) defines the time when the output achieves the 
condition of Hi-Z and are not referenced to VOH or VOL. 

13. tCRP(MIN.) requirement is applied to RAS/CAS cycles preceded by any cycles. 

14. Either tRCH(MIN.) or tRRH(MIN.) should be met in read cycles. 

15. tWP(MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, tWCH (MIN.) should 
be met. 

16. tDS(MIN.) and tDH(MIN.) are referenced to the CAS falling edge in early write cycles. In late 
write cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If tWCS^tWCS (MIN.) , the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD^tRWD (MIN.) , tCWD£tCWD(MIN.) , tAWD^tAWD(MIN.) and tCPWD^tCPWD(MIN.) , 
the cycle is a read modify write cycle and the data out will contain data read from the selected cell. 

If neither of the above conditions is met, the state of the data out is indeterminate. 


18. To make I/O to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 
specification depends on state of each signal. 

(1 ) RAS, CAS: inactive (at the end of read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 
tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE: active, OE: active...tWEZ, tWPZ are effective. 

WE: inactive, OE: inactive.. .tOEZ is effective. 
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Timing Chart 

Please refer to Timing Chart 10, page 473. 



Package Drawing 


168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 
OUTLINE DRAWINGS 





ITEM MILLIMETERS INCHES 

A 133.35±0.13 5.25±0.QQ6 

1 1 .43 0.450 


1.450 























PRELIMINARY DATA SHEET 


MOS INTEGRATED CIRCUIT 


C- 


3.3 V OPERATION 4M -WORD BY 72-BIT DYNAMIC RAM MODULE 

HYPER PAGE MODE (ECC) 


Description 

The MC-424000LFC72F is a 4 194 304 words by 72 bits dynamic RAM module on 
which 18 pieces of 16M DRAM ( mPD 4216405L) are assembled. 

This module provide high density and large quantities of memory in a small space 
without utilizing the surface-mounting technology on the printed circuit board. 
Decoupling capacitors are mounted on power supply line for noise reduction. 


Features 

- Hyper page mode ( EDO) 

- 4 194 304 words by 72 bits organization 

- Fast access and cycle time 


Family 

Access time 
(MAX.) 

RAN cycle time 
(MIN.) 

Hyper page mode 
cycle time (MIN.) 

Power consumption 1 
(MAX.) I 

Active 

Standby 

MC- 424000LFC72-A60 

60 ns 

104 ns 

25 ns 

5.87 w 

180 mw 

(CMOS level) 

MC- 424000LFC72-A70 

70 ns 

124 ns 

30 ns 1 

5.22 w 


- 4 096 refresh cycles/64 ms 

- CAS before RAS refresh , RAS only refresh , Hidden refresh. 

- 168-pin dual in-line memory module (pin pitch = 1.27 mm) 

- Single +3.3 V±0.3V power supply 

Ordering information 


Part Number 

Access time 
(MAX.) 

Package 

Mounted devices 

MC- 424000LFC72F-A60 

60ns 

168-pin Dual In-line 
Memory Module 

(Socket Type) 

Edge connector: Gold plating 

18 pieces of 

UPD 4216405LG3 
(300mil TSOP) 
[Double side] 

MC- 424000LFC72F-A70 

70ns 


The information in this document is subject to change without notice. 


1 1 Q043EJ4V0DS00 (Japan) 
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MC-424000LFC7: 


Pin Configuration 


168-pin Dual In-line Memory Module Socket Type (Edge Connector : Gold plating) 


o 


85 

— 

86 

o-o 

87 

0-0 

88 

0-0 

89 

0-0 

90 


91 

0-0 

92 

0-0 

93 

o-o 

94 

0-0 

£ 

0-0 

96 


97 

0-0 

98 

0-0 

99 

0-0 

100 

0-0 

101 

0-0 

102 


103 

0-0 

104 

0-0 

105 

0-0 

106 

0-0 

107 

— 

108 


109 

— — 

110 

— 

112 





114 

— 

115 

— 

116 

■1 . 

117 

<3 

118 

<3— 

119 

o— 

120 

< — 

121 

o— 

122 

o— 

123 

— 

124 


<q 


125 

— 

126 


127 


128 


129 


130 


131 

132 


133 


134 


135 


136 

0-0 

137 

138 

0-0 

139 

0-0 

140 

0-0 

141 

0-0 

142 

0-0 

143 


144 

0-0 

145 


146 


147 


148 


149 

0-0 

150 

0-0 

151 


152 


153 

0-0 

154 

0-0 

155 


156 

0-0 

157 


158 

0-0 

159 


160 


161 

0—0 

162 


163 


164 


165 


166 


167 


168 


^ o 



■ GND 

• 1/0 36 

■ 1/0 37 

• 1/0 38 
I/O 39 
Vcc 
1/0 40 
1/0 41 
1/0 42 
1/0 43 

I/O 44 

. GND 
1/0 45 
1/0 46 
1/0 47 

■ I/O 48 

• 1/0 49 
Vcc 
I/O 50 

■ I/O 51 
I/O 52 
1/0 53 
GND 
NC 
NC 
Vcc 
NC 
NC 
NC 
NC 
NC 
GND 
A1 
A3 
A5 
A7 
A9 
All 
NC 
Vcc 


NC 

BO 

GND 

NC 

NC 

NC 

NC 

Vcc 
NC 
NC 
1/0 54 
I/O 55 
■ GND 
1/0 56 
I/O 57 
1/0 58 
1/0 59 
Vcc 
1/0 60 
NC 
NC 
NC 
NC 
1/0 61 
1/0 62 
1/0 63 
GND 
1/0 64 
1/0 65 
1/0 66 
1/0 67 
Vcc 
1/0 68 
1/0 69 
1/0 70 
1/0 71 
GND 
PD2 
PD4 
PD6 
PD8 
ID1 
Vcc 


GND 
1/0 0 
I/O 1 
1/0 2 
1/0 3 
Vcc 
1/0 4 
1/0 5 
1/0 6 
1/0 7 


1/0 8 
GND 
1/0 9 
I/O 10 
1/0 11 
I/O 12 
I/O 13 
Vcc 


I/O 14 
I/O 15 
1/0 16 
I/O 17 
GND 
NC 
NC 
Vcc 
WEu 

CASO 

NC 


GND 

AO 

A2 

A4 

AG 

AB 

A10 

NC 

Vcc 


NC 

NC 

GND 


HAS2 

CAS4 

NC 


W2 

Vcc 

NC 

NC 


I/O 18 
I/O 19 
GND 
I/O 20 
1/0 21 
I/O 22 
I/O 23 
Vcc 
1/0 24 
NC 
NC 
NC 
NC 
1/0 25 
I/O 26 
1/0 27 
GND 
I/O 28 
1/0 29 
I/O 30 
1/0 31 
Vcc 
1/0 32 
1/0 33 
1/0 34 
1/0 35 
GND 
PD1 
PD3 
PD5 
PD7 
IDO 
Vcc 



o 

o— 1> 

1 

2 

o-o 

3 

0-0 

4 

0—0 

5 

0-0 

7 

0-0 

8 

0-0 

9 

0-0 

10 


p 

0-0 

11 

— 

12 

0-0 

13 

0-0 

14 

<3—0 

15 

0-0 

16 

0—0 

17 

— 

18 

0-0 

19 

0-0 

20 

0-0 

21 

0-0 

22 

— 

23 

— 

24 

— 

25 

— 

26 

— o 

27 

> 

28 

— 

29 

— o 

30 

— o 

31 

— 

32 

> 

33 

> 

34 

— > 

35 

> 

36 

— > 

37 

— o 

38 

— — 

39 



40 


p 

— 

41 

— 

42 



43 

— o 

44 

— — o 

45 

— o 

46 

— — 

47 

— c> 

48 

■ 

49 

■ 

50 

— 

51 

O— £> 

52 

0—0 

53 

— 

54 

0-0 

55 

0-0 

56 

0—0 

57 

0-0 

58 

'■ 

59 

0-0 

60 

' 

61 

— 

62 

— 

63 

— 

64 

0-0 

65 

0-0 

66 

0-0 

67 


68 

0-0 

69 

0-0 

70 

0—0 

71 

0-0 

72 

— — 

73 

0-0 

74 

0—0 

75 

0—0 

76 

0-0 

77 

■ ■ 

78 

o— 

79 

o— — 

80 

o— — 

81 

o— - 

82 

— — 

83 

— 

84 


9 , 


PD and ID Table 











— Sfc 




ra 

ra 







ra 

ra 



Bl 




1!1 

m 



mm 

ra 



— 

■■ 







ES3 

FcW»y 


Note) H : VOH , L : VOL 


AO -All, BO 
1/0 0-1 / 0 71 
RASP , RAS2 
CASO, CAS 4 
WE0.WE2 
OEO.OE2 
PDE 

PD1- PD8 
IDO, ID1 
Vcc 
GND 
NC 


: Address Inputs 
: Data Inputs / Outputs 
: Row Address Strobe 
: Column Address Strobe 
: Write Enable 
: Output Enable 
: Presence Detect Enable 
: Presence Detect Pins 
: Identity pins 
: Power Supply 
: Ground 
: No connection 
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Block Diagram 



OE 2 c— j> 
WE2 c—j> 
CAS4 c— [> 



, CAS RAS Wf: Of: 


CAS RAS WE OE 


, CAS RAS WE OE 


4 CAS RAS WE OE 



, CAS HAS WE Of 


, CAS RAS WE OE 


. CAS RAS WE OE 


, CAS RAS WE OE 


, CAS RAS WE OE 


. CAS RAS WE OE 


, CAS RAS WE OE 


. CAS RAS WE OE I 


. CAS RAS WE OE 


, CAS RAS WE OE 


, CAS RAS WE OE 


-AO : DO to D8 
-AO : D9 to D17 


PDE c 
PD1 to PD8 < 




MC-424000LFC71 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Condition 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

VT 


-0.5 to +4.6 

V 

Supply voltage 

VCC 


-0.5 to +4.6 

V 

Output current 

10 


20 

mA 

Power dissipation 

PD 


20 

W 

Operating temperature 

Topt 


0 to +70 

■c 

Storage temperature 

Tstg 


-55 to +125 

“C 


Remark Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage . The device in not meant to be operated under conditions outside the limits 
described in the operational sections of this specification . Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability . 


RECOMMENDED OPERATING CONDITIONS (notes : i ,2) 


Parameter 

Symbol 

Condition 

MIN. 

TYP. 

MAX. 

Unit 

Supply voltage 

VCC 


3.0 

3.3 

3.6 

V 

High level input voltage 

VIH 


2.0 


Vcc + 0.3 

V 

Low level input voltage 

VIL 


-0.3 


+0.8 

V 

Ambient temperature 

Ta 


0 


70 

r 


CAPACITANCE (Ta=25 °C , f=l MHz ) 


Parameter 

Symbol 

Test condition 

MIN. 

TYP. 

MAX. 

Unit 

Input capacitance 

CI1 

A0- All, B0 



20 

pF 

C I 2 

WE 0, WE 2 



20 

pF 

C 13 

RAS 0, RAS 2 



78 

pF 

C 1 4 

CAS0, CAS 4 



20 

pF 

C 15 

GET), Oe2 



20 

pF 

Data Input/ 

Output capacitance 

CI/O 

I/O 0-1/0 71 



20 

pF 
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DC CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


PARAMETER 

SYMBOL 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

NOTES 

Operating Current 

Iccl 

RAS , CAS Cycling 

tRC=tRC (MIN.) , lO=0mA 

tRAc=60ns 


1450 

mA 

3,4,7 

tRAc=70ns 


1270 

Standby Current 

Icc2 

RAS, CAS ^ V ih ( min.) 


100 

mA 


RAS, CAS ^ Vcc-0.2V 


50 

RAS only refresh current 

Icc3 

RAS Cycling , CAS ^ Vh 

tRC=tRC(MIN.) , IO=0mA 

tRAc=60ns 


1450 

mA 

3, 4, 5, 7 

tRAc=70ns 


1270 

Operating Current 
(Hyper Page Mode) 

Icc4 

RAS g VIL .CAS Cycling 
tHPC=tHPC (MIN.), IO=0mA 

tRAc=60ns 


1630 

mA 

3, 4,6 

tRAc=70ns 


1450 

CAS before RAS 
refresh current 

Icc5 

tRC=tRC(M!N.) 

IO=0mA 

tKAc=60ns 


1450 

mA 

3,4 

tKAc=7()ns 


1 270 

Input Leakage Current 

Il(L) 

VI=0 to 3.6V 

all other pins not under test = OV 

RAS 

-5 

+5 

HA 


others 

-5 

+1 

Output Leakage Current 

Io(L) 

Outputs are disabled (Hi - Z) 

VO=0to 3.6V 

-5 

+5 

HA 


High level output voltage 

VoH 

IO=-2.0mA 

2.4 


V 


Low level output voltage 

VOL 

IO=+2.0mA 


0.4 

V 
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AC CHARACTERISTICS Notes 8 , 9 

(Recommended Operating Conditions unless otherwise noted) 

( 1 / 2 ) 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MEN. 

MAX. 

MIN. 

MAX. 

Random Read or Write Cycle Time 

tRC 

104 

- 

124 

- 

ns 


Read Modify Write Cycle Time 

tRWC 

133 

- 

157 

- 

ns 


Access Time from RAS 

tRAC 

_ 

60 

_ 

70 

ns 

10,11 

Access Time from CAS 

tCAC 

_ 

20 

. 

23 

ns 

10,11 

Access Time from Column Address 

tAA 

- 

35 

- 

40 

ns 

10,11 

Access Time from CAS Precharge 

tACP 

- 

40 

- 

45 

ns 

11 

Access Time from OE 

tOEA 

- 

20 

- 

23 

ns 

11 

RAS to Column Address Delay Time 

tRAD 

12 

30 

12 

35 

ns 

10 

CAS to Data Setup Time 

tCLZ 

0 

- 

0 

- 

ns 

11 

OE to Data Setup Time 

tOLZ 

0 

- 

0 

- 

ns 

11 

OE to Data Delay Time 

tOED 

13 

- 

15 

- 

ns 


Output Buffer Turn-off Delay Time from OE 

tOEZ 

0 

13 

0 

15 

ns 

12 

OE Hold Time 

tOEH 

0 

_ 

0 

_ 

ns 


OE Lead Time Referenced to RAS 

tOES 

0 

- 

0 

- 

ns 


Transition Time ( Rise and Fall ) 

tT 

1 

50 

1 

50 

ns 


RAS Precharge Time 

tRP 

40 

- 

50 

- 

ns 


RAS Pulse Width 

tRAS 

60 

10,000 

70 

10,000 

ns 


RAS Hold Time 

tRSH 

10 

- 

12 

- 

ns 


CAS Pulse Width 

tCAS 

10 

10.000 

12 

10.000 

ns _ 


CAS Hold Time 

tCSH 

40 

_ 

50 

_ 

ns 


RAS to CAS Delay Time 

tRCD 

14 

45 

14 

52 

ns 

10 

CAS to RAS Precharge Time 

tCRP 

5 

_ 

5 

_ 

ns 

13 

CAS Precharge Time 

tCPN 

10 

_ 

10 

_ 

ns 


RAS Precharge CAS Hold Time 

tRPC 

5 

_ 

5 

_ 

ns 


RAS Hold Time from CAS Precharge 

tRHCP 

40 

_ 

45 

_ 

ns 


Row Address Setup Time 

tASR 

5 

_ 

5 

. 

ns 


Row Address Hold Time 

tRAH 

10 

_ 

10 

_ 

ns 


Column Address Setup Time 

tASC 

0 

_ 

0 

_ 

ns 


Column Address Hold Time 

tCAH 

10 

_ 

12 

_ 

ns 


Column Address Lead Time Referenced to RAS 

tRAL 

30 

_ 

35 

_ 

ns 


Read Command Setup Time 

tRCS 

0 

_ 

0 

_ 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

0 

_ 

0 

_ 

ns 

14 

Read Command Hold Time Referenced to CAS 

tRCH 

0 

_ 

0 

_ 

ns 

14 

WE Hold Time Referenced to CAS 

tWCH 

10 

_ 

10 

_ 

ns 

15 

WE Pulse Width 

tWP 

10 

_ 

10 

_ 

ns 

15 

Data-in Setup Time 

tDS 

0 

_ 

0 

_ 

ns 

16 

Data-in Hold Time 

tDH 

10 

_ 

10 

_ 

ns 

16 

Write command Setup Time 

twes 

0 

_ 

0 

_ 

ns 

17 

CAS to WE Delay Time 

tCWD 

32 

_ 

37 

_ 

ns 

17 

RAS to WE Delay Time 

tRWD 

87 

_ 

99 

_ 

ns 

17 

Column Address to WE Delay Time 

tAWD 

52 

- 

59 

- 

ns 

17 
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PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

WE Lead Time Referenced to RAS 

tRWL 

15 

- 

17 

- 

ns 


WE Lead Time Referenced to CAS 

tCWL 

10 

- 

12 

- 

ns 


CAS Setup Time for CAS before RAS Refresh 

tCSR 

5 

- 

5 

- 

ns 


CAS Hold Time for CAS before RAS Refresh 

tCHR 

10 

- 

10 

- 

ns 


WE Setup Time 

tWSR 

10 

- 

10 

- 

ns 


WE Hold Time 

tWHR 

15 

- 

15 

- 

ns 


Refresh Time 

tREF 

- 

64 

- 

64 

ms 



HYPER PAGE MODE 


PARAMETER 

SYMBOL 

tRAC = 60ns 

tRAC = 70ns 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

Read / Write Cycle Time 

tHPC 

25 

- 

30 

- 

ns 


RAS Pulse Width 

tRASP 

60 

125,000 

70 

125,000 

ns 


CAS Pulse Width 

tHCAS 

10 

10,000 

12 

10,000 

ns 


CAS Precharge Time 

tCP 

10 

- 

10 

- 

ns 


CAS Precharge to WE Delay Time 

tCPWD 

52 

- 

59 

- 

ns 

17 

Read Modify Write Cycle Time 

tHPRWC 

66 

- 

75 

- 

ns 


Data Output Hold Time 

tDHC 

5 

- 

5 

- 

ns 


OE to CAS Hold Time 

tOCH 

5 

- 

5 

- 

ns 

18 

OE Precharge Time 

tOEP 

5 

- 

5 

- 

ns 


CAS Hold Time to OE 

tCHO 

5 

- 

5 

- 

ns 

18 

Output Buffer Turn-off Delay from WE 

tWEZ 

0 

13 

0 

15 

ns 

12,18 

WE Pulse Width 

tWPZ 

10 

- 

10 

- 

ns 

18 

Output Buffer Turn-off Delay from RAS 

tOFR 

0 

13 

0 

15 

ns 

12, 18 

Output Buffer Turn-off Delay from CAS 

tOFC 

0 

13 

0 

15 

ns 

12, 18 


IC9> 

1. All voltages are referenced to GND . 

2. After power up, wait more than lOOps and then, execute eight CAS before RAS or RAS 
only refresh cycles as dummy cycles to initialize internal circuit. 

3. ICC1, ICC3, ICC4 and ICC5 depend on cycle rates ( tRC and tHPC ) . 

4. Specified values are obtained with outputs unloaded. 

5. ICC3 is measured assuming that all column address inputs are held at either high or low. 

6. ICC4 is measured assuming that all column address inputs are switched only once during 
each Hyper page cycle. 

7. ICC1 and ICC3 are measured assuming that address can be changed once or less during 
RAS^VIL(MAX.) and CAS^VIH(MIN.) . 

8. AC measurements assume tT =2ns . 
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Notes: 

9. AC Characteristics test condition 

(1) Input timing specification 

VIH (MIN.) = 2.0V - 
VIL (MAX.) = 0.8V" 

(2) Output timing specification 

VOH (MIN.) = 2.0V*' 

VOL (MAX.) = 0.8V- 

10. For read cycles, access time is defined as follows: 


Input Conditions 

Access Time 

Access Time from RAS 

tRAD £ tRAD(MAX.) and tRCD £ tRCD(MAX.) 

tRAC(MAX.) 

tRAC(MAX.) 

tRAD > tRAD(MAX.) and tRCD £ tRCD(MAX.) 

tAA(MAX.) 

tRAD +tAA(MAX.) 

tRCD > tRCD(MAX.) 

tCAC(MAX.) 

tRCD + tCAC(MAX.) 


tRAD(MAX.) and tRCD(MAX.) are specified as reference points only ; they are not restrictive 
operating parameters. They are used to determine which access time (tRAC, tAA or tCAC) 
is to be used for finding out when output data will be available. Therefore, the input conditions 
tRAD^tRAD(MAX.) and tRCD^tRCD(MAX.) will not cause any operation problems. 


tT = 2ns tT = 2ns 


1 1 . Loading conditions are 1 TTLs and 1 00 pF. 

12. tOFC (MAX.), tOFR(MAX.), tWEZ (MAX.) and tOEZ(MAX.) defines the time when the output achieves the 
condition of Hi-Z and are not referenced to VOH or VOL. 

13. tCRP(MIN.) requirement is applied to RAS/CAS cycles preceded by any cycles. 

14. Either tRCH(MIN.) or tRRH(MIN.) should be met in read cycles. 

15. tWP(MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, tWCH (MIN.) should 
be met. 

16. tDS(MIN.) and tDH(MIN.) are referenced to the CAS falling edge in early write cycles. In late 
write cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If tWCS^tWCS (MIN.) , the cycle is an early write cycle and the data out will remain Hi-Z through the 
entire cycle. If tRWD^tRWD (MIN.) , tCWD^tCWD(MIN.) , tAWD^tAWD(MIN.) and tCPWD^tCPWD(MIN.) , 
the cycle is a read modify write cycle and the data out will contain data read from the selected cell. 

If neither of the above conditions is met, the state of the data out is indeterminate. 

18. To make I/O to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 
specification depends on state of each signal. 

(1 ) RAS, CAS: inactive (at the end of read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 
tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE: active, OE: active.. .tWEZ, tWPZ are effective. 

WE: inactive, OE: inactive.. .tOEZ is effective. 
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Timing Chart 

Please refer to Timing Chart 10, page 473. 
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Timing Chart 1 
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Read Cycle 


RAS 


CAS 


Address 


WE 


I/O 
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Early Write Cycle 
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Fast Page Mode Read Cycle 



Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 
the same RAS cycle. 
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Fast Page Mode Early Write Cycle 



Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 
the same RAS cycle. 
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Remark Address, WE: Don’t care I/O: Hi-Z 


RAS Only Refresh Cycle 


RAS 


Vih- 

VlL- 



t 

tf IAS 


CAS 


Address 


VlH- 

VlL- 


VlH- 

VlL- 


7 


tASR 


tRAH 


Row 


Remark WE: Don’t care I/O: Hi-Z 
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Hidden Refresh Cycle (Read) 


RAS 


CAS 


Address 


WE 


I/O 
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Hidden Refresh Cycle (Write) 
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Chart 2 
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Read Cycle 



377 


Early Write Cycle 



378 


Fast Page Mode Read Cycle 



Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles 
within the same RAS cycle. 
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Fast Page Mode Early Write Cycle 


RAS 

CAS 

Address 

WE 

I/O 

Remark 
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tWCH 


////////// 
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VlH- 

VlL- 


tDH 


XXXXXXX mX KXXXXXXXXX 


In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles 
within the same RAS cycle. 
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Hidden Refresh Cycle (Read) 
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Hidden Refresh Cycle (Write) 
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Timing Chart 3 
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Early Write Cycle 
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Hyper Page Mode Read Cycle 



Remark In the hyper page mode, read and write cycles are available 

for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Read Cycle (WE Control) 



In the hyper page mode, read and write cycles are available 

for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Read and Write Cycle 



Remark In the hyper page modo,read and write cycles are available 

for each of the consecutive CAS cycles within the same RAS cycle. 
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CAS Before RAS Refresh Cycle 



Remark Address, WE - Don't care I/O - Hi - Z 


RAS Only Refresh Cycle 




n 11111 1 ill | III 1 |l| 
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Remark WE - Don’t care , I/O - Hi - Z 
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Hidden Refresh Cycle (Read) 
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Hidden Refresh Cycle (Write) 
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Timing Chart 4 
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Read Cycle 


RAS 


CAS 


Address 


WE 


I/O 


tRC 
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Early Write Cycle 



400 


Hyper Page Mode Read Cycle 



Remark In the hyper page mode,read and write cycles are available 

for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Read Cycle (WE Control) 



In the hyper page mode, read and write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Early Write Cycle 



Remark In the hyper page mode, read and write cycles are available 

for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Read and Write Cycle 



Remark In the hyper page mode, read and write cycles are available 

for each of the consecutive CAS cycles within the same RAS cycle. 
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CAS Before RAS Refresh Cycle 



RAS Only Refresh Cycle 
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Remark WE - Don't care , I/O - Hi - Z 
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Hidden Refresh Cycle (Read) 



406 
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Timing Chart 5 
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Read Cycle 


RAS 


CAS 


Address 


WE 


I/O 



411 


Early Write Cycle 


RAS 


CAS 


Address 


WE 


I/O 
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Fast Page Mode Read Cycle 



Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles 
within the same RAS cycle. 
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Fast Page Mode Early Write Cycle 



Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles 
within the same RAS cycle. 
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CAS Before RAS Self Refresh Cycle 



Remark Address, WE : Don't care I/O : Hi-Z 


Cautions on Use of CAS Before RAS Self Refresh 

CAS before RAS self refresh can be used independently when used in combination with distributed CAS 
before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or 
with burst long RAS only refresh, the following cautions must bo obsorvod. 

(1) Normal Combined Use of CAS Before RAS Self Refresh and Burst CAS Before RAS Long Refresh 
When CAS before RAS self refresh and burst CAS before RAS long refresh are used in combination, please 
perform CAS before RAS refresh 1,024 times within a 16 ms interval just before and after setting CAS 
before RAS self refresh. 

(2) Normal Combined Use of CAS Before RAS Self Refresh and Burst Long RAS Only Refresh 

When CAS before RAS self refresh and burst RAS only refresh are used in combination, please perform 
RAS only refresh 1,024 times within a 16 ms interval just before and after setting CAS before RAS self 
refresh. 

For details, please refer to How to use DRAM User's Manual. 
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Hidden Refresh Cycle (Read) 



417 


Hidden Refresh Cycle (Write) 
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Timing Chart 6 


419 




Read Cycle 


RAS 


CAS 


Address 


WE 


I/O 



Early Write Cycle 
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Fast Page Mode Early Write Cycle 



Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles 
within the same RAS cycle. 
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CAS Before RAS Self Refresh Cycle 
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Remark Address : Don't care I/O : Hi-Z 


Cautions on Use of CAS Before RAS Self Refresh 

CAS before RAS self refresh can be used independently when used in combination with distributed CAS 
before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or 
with long RAS only refresh (both distributed and burst), the following cautions must be observed. 

(1) Normal Combined Use of CAS Before RAS Self Refresh and Burst CAS Before RAS Long Refresh 

When CAS before RAS self refresh and burst CAS before RAS long refresh are used in combination, please 
perform CAS before RAS refresh 2,048 times within a 32 ms interval just before and after setting CAS 
before RAS self refresh. 

(2) Normal Combined Use of CAS Before RAS Self Refresh and Long RAS Only Refresh 

When CAS before RAS self refresh and RAS only refresh are used in combination, please perform RAS 
only refresh 2,048 times within a 32 ms interval just before and after setting CAS before RAS self refresh. 

For details, please refer to How to use DRAM User's Manual. 
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Remark Address : Don't care I/O: Hi-Z 


RAS Only Refresh Cycle 



Remark WE: Don't care I/O: Hi-Z 




Hidden Refresh Cycle (Read) 
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Hidden Refresh Cycle (Write) 
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Timing Chart 7 




Read Cycle 


tRC 



431 


Early Write Cycle 
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Fast Page Mode Read Cycle 


RAS 


CAS 


Address 


WE 


OE 


I/O 


Remark 



In the fast page mode, read, write and read modify write cycles are available for each of the 
consecutive CAS cycles within the same RAS cycle. 
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Fast Page Mode Early Write Cycle 



Remark OE : Don't care 

In the fast page mode, read, write and read modify write cycles are available for each of the 
consecutive CAS cycles within the same RAS cycle. 
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Fast Page Mode Late Write Cycle 


RAS 

CAS 

Address 

WE 

OE 

I/O 

Remark 



In the fast page mode, read, write and read modify write cycles are available for each of the 
consecutive CAS cycles within the same RAS cycle. 
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Fast Page Mode Read Modify Write Cycle 



Remark In the fast page mode, read, write and read modify write cycles are available for each of the 
consecutive CAS cycles within the same RAS cycle. 
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Remark OE : Don't care 


441 



Timing Chart 8 
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Read Cycle 



445 


Early Write Cycle 



446 


Late Write Cycle 



447 


Read Modify Write Cycle 



448 


Fast Page Mode Read Cycle 



.RgmfldS I n th e fast page mode, read, write and read modify write cycles are available for each of the consecutive 
CAS cycles within the same RAS cycle. 
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Fast Page Mode Early Write Cycle 



E mrnk OE : Don't care 

In th e fast page mode, read, write and read modify write cycles are available for each of the consecutive 
CAS cycles within the same RAS cycle. 
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Fast Page Mode Late Write Cycle 


RAS 


CAS 


Address 


WE 


OE 


I/O 



Remark I n th e fast page mode, read, write and read modify write cycles are available for each of the consecutive 
CAS cycles within the same RAS cycle. 


Fast Page Mode Read Modify Write Cycle 



Remark In th e fast page mode, read, write and read modify write cycles are available for each of the consecutive 
CAS cycles within the same RAS cycle. 
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Hidden Refresh Cycle (Read) 
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Timing Chart 9 
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Read Cycle 



459 


Early Write Cycle 



Remark OE : Don't care 
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Late Write Cycle 
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Read Modify Write Cycle 
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Hyper Page Mode Read Cycle 
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Address 
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I/O 



Remark In the hyper page mode, read, write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Read Cycle (WE Control) 



Remark In the hyper page mode, read, write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RA§ cycle. 
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Hyper Page Mode Read Cycle (OE Control) 


RAS 


CAS 


Address 


WE 


OE 


I/O 



Remade In the hyper page mode, read,write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Early Write Cycle 


RAS 


CAS 


Addross 


WE 


I/O 



Remark 1 . OE : Don't care 

2. In the hyper page mode, read, write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Pago Mode Lafo Write Cycle 


tRABP tRP 



Remark In the hyper page mode, read, write and road modify write cycles are available 
for each of the consecutive CAS cycles within tho same RAS cycle. 
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Hyper Page Mode Read Modify Write Cycle 



Remark In the hyper page mode, read, write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Read and Write Cycle 
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CAS 


Address 


WE 


OE 


I/O 


I/O 



Remark In the hyper page mode, read, write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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CAS Before RAS Refresh Cycle 



Remark Address, WE, OE : Don't care I/O : Hi-Z 


RAS Only Refresh Cycle 



Remark WE, OE : Don't care I/O : Hi-Z 
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Hidden Refresh Cycle (Read) 
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Hidden Refresh Cycle (Write) 


tnc _ , tRC 



Remark OE : Don't care 
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Chart 10 
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Road Cyclo 
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Address 


WE 


OE 


I/O 
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Early Write Cycle 



476 





Lato Writ© Cyclo 



477 



Read Modify Write Cycle 


tRVtt 
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Hyper Page fiVlode Read Cycle 



Remark In the hyper page mode, read,write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper 


RAS 


CAS 


Address 


WE 


OE 


I/O 


Page Mode Read Cycle (WE Control) 



Remark In the hyper page mode, read, write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same EAS cycle. 
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Hyper Page Mode Read Cycle (OE Control) 
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CAS 


Address 


WE 
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I/O 



Remark In tho hyper page mode, read, write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Early Write Cycle 


RAS 


CAS 


Address 


WE 


VO 

Remark 1 . OE : Don't care 

2. In the hyper page mode, read^write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hypor Pago EVlodo Laio Writo Cyclo 
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Hyper Pago Mod® Read Modify Writ© Cycl© 



Remark In the hyper page mode, reajd, write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same ftAS cycle. 
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CAS Before RAS Refresh Cycle 



Remark 1. Address, OE : Don't care 
2. I/O : Hi-Z 


RAS Only Refresh Cycle 
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Remark 1. OE : Don't care 
2. I/O : Hi-Z 
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Hidden Refresh Cycle (Write) 
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